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PREFACE. 


\Vn')i  tlic  installation  of  the  now  laboratories  of  the  Philadelphia 
(leneral  Hospital  in  V.Hi),  the  ho|>e  was  expre.sse<l  on  many  sides 
that  it  would  JKH-onie  possil)Ie  to  make  i)etter  use  of  the  vast  avail- 
able material  for  i)ro<luctive  research.  This  volume  is  the  first 
response,  and  is  made  possible  largely  throuj{h  the  favorable  atti- 
tude and  assistance  of  the  Director  of  Public  Health  and  Dr.  J. 
C.  Doane,  the  Medical   Director  of  tin-  Hospital. 

The  organization  and  functions  of  the  staff  has  already  been 
descrilxHl  in  one  of  the  accompany inj;  reprints.  Although  all  the 
laboratories  have  been  more  or  less  prwluctive,  for  various  reasons 
they  are  rejiresented  by  work  in  this  volmne  in  different  dej^rees. 
The  Hi(x-hemical  I^tboratory,  for  instance,  not  only  took  nece.ssarily 
longer  time  to  get  pro|)erly  installed,  but  also  has  several  prcxluctive 
lines  of  work  nearing  completion  or  actiially  in  press,  the  reprints 
of  which  have  not  Iwen  received. 

It  is  greatly  to  Ik*  regretted  that  we  were  imablc  to  secure  the 
address  made  by  Dr.  William  H.  Welch  ut  the  opening  of  the  new 
lalx)ratories  on  the  importance  of  the  study  of  gross  pathology. 
Arrangement.s  were  not  made  to  have  it  taken  by  a  stenographer, 
and  as  far  as  I  can  learn,  it  has  never  been  committed  to  writing. 
As  our  |)olicy  has  been  to  offer  our  facilities,  as  far  as  possible,  to 
serious  volunteers  or  colh-agues  in  our  own  and  neighboring  insti- 
tutions, I  have  not  hesitated  to  include  in  this  volume  the  result 
of  their  work,  in  which  the  laboratory'  studies  playtnl  the  most 
important  part.  In  a  few  ca.s<'s,  the  work  has  Irhmi  done  conjointly 
here  and  in  other  laboratories. 

By  placing  this  volume  in  the  leading  medical  libraries  and  insti- 
tutions of  this  and  other  countries,  it  is  hope<l  not  only  that  the 
results  of  our  work  will  Ik"  .somewhat  more  available  to  other  workers 
in  similar  fields,  but  also  that  it  will  serve  as  a  rough  index  of  the 
|)ro<luctive  capacity  of  the  staff  and  a  stimulus  to  further  effort. 
With  the  great  amomit  of  routine  work  demaudifl  by  a  large  general 
hospital,  wlii<h  must,  of  course,  l)e  first  properly  cannl  for,  it  is 
not  feasible  to  devote  to  sinvial  studies  the  prolonged  and  concen- 
trated attention  that  is  |K)ssible  in  a  purely  research  institute. 
While,  therefore,  the  list  of  articles  may  not  .seen>  large  for  a  staff 
of  our  size,  working  for  three  years,  we  do  not  feel  it  altogether 
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discreditable,  especially  as  iiuuiy  of  the  staff  are  vvorkiiij<  on  part 
time.  The  character  of  the  rejwrts  is  also  necessarily  influenced 
by  similar  considerations,  but,  of  course,  every  efTorl  has  been 
made  to  keep  their  (juality  al    the  highest  possible  level. 

It  is  hoped  that  further  volumes  will  api)ear  from  time  to  time, 
as  suiBcient  material  accumulates,  and  that  exchanges  may  be  made 
with  similar  publications  throughout  the  world. 

E.  B.  Krumbhaah, 

Director  of  Laboratories. 
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IN  as  young  a  country  as  the  United 
States,  it  is  a  comparatively  easy 
matter  to  trace  the  growth  of  a 
science  from  its  earliest  beginning,  and 
medicine  is  no  exception  to  this  rule.  Thus 
we  know  the  name  of  the  first  physician  in 
the  iirst  permanent  settlement  in  this 
country;'  the  doctor  who  accompanied  the 
Pilgrims  on  the  Mayflower  in  1620;''  the 
first  Zieckentroostcrs  or  visitors  of  the  sick 
in  the  Dutch  colony  of  New  York;'  the 
three  Welsh  physicians  who  in  1682  came 
with  \\  illiam  Penn  in  the  Welcome  to  found 
Philadelphia  and  his  colony  of  Pennsyl- 
vania;' and  the  author  of  the  first  medical 
work  published  in  the  United  States.*  The 
health  of  the  struggling  young  communities 
was  necc^ssarily  cared  for  at  first  by  the 
moreeducated  leaders,  by  midwives,  by  visit- 
ing ship's  surgeons  and  by  the  few  medical 
practitioners  that  had  come  from  the 
mother  country  as  colonists.  But  from  the 
earliest  times  the  need  for  occasional  post- 
mortem examinations  and  for  learning  the 
structure  of  the  body  from  actual  dissec- 
tions ("Making  an  Anatomy" — in  the 
quaint  old  term),  rather  than  from  book 
learning  or  didactic  lectures,  was  well 
recognized.  The  difficulty  of  procuring 
anatomical  material,  which  then  existed 
throughout  the  civilized  world,  was  most 
aggravated  in  the  young,  healthy  and 
sparsely  settled  country;  thus  Eliot,  the 
Apostle  to  the  Indians,  as  early  as  1647, 
expresses  in  a  letter  to  Mr.  Thomas  Shepard, 
the  Cambridge  minister,®  his  desire  that 
"our  young  Students  in  Physick  may  bee 
trained  up  better  then  yet  they  bee,  who 
'  have  only  theoreticall  knowledge,  and  are 
forced  to  fall  to  practice  before  ever  they 
saw  an  Anatomy  made,  or  ducly  trained  up 
in  making  experiments,  for  we  never  had 

Rt'printtxl  from  AssAis  oi    Medicai    IIisiok^, 


but  one  Anatomy  in  the  Country,  which 
Mr.  Giles  Firman  (Firmin)  (now  in  England) 
did  make  and  read  upon  very  well."  In 
passing,  it  might  be  noted  that  Mr.  Firmin 
found  the  outlook  for  the  practice  of  physics 
in  the  new  country  so  discouraging  that  he 
returned  to  England  to  take  up  the  more 
lucrative  study  of  divinity!  The  apostle's 
desire  seems  to  have  carried  weight,  as 
we  find  the  following  resolution  passed 
within  a  month  by  the  General  Court  of 
Massachusetts:  "We  conceive  it  very  neces- 
sary y*  such  as  studies  physick  or  chirurgery 
may  have  liberty  to  reade  anotomy  (sic)  and 
to  anotomize  once  in  foure  yeares  some  male- 
factor in  case  there  be  such  as  the  Courte 
shall  alow  of."''  In  the  same  letter  to 
Shepard,  Eliot  says,  "I  have  shown  them 
(i.  e.  the  Indians)  the  anatomy  of  man's 
body,"  but  Hartwell*  thinks  that  Eliot 
probably  never  performed  any  dissections 
himself.  The  need  for  first-hand  knowledge 
must  have  indeed  been  great — quackery  was 
already  rife,  and  the  education  of  the 
practitioners  often  woefully  lacking.  Thus, 
in  Judge  Samuel  Scwell's  diary  of  Septem- 
ber 22,  1676:'  "Spent  the  day  from  nine  in 
the  morning  with  Mr.  (Dr.)  Brakenbury, 
Mr.  Thomson,  Butter,  Hooper,  Cragg, 
Pembcrton,  dissecting  the  middle-most  of 
the  Indians  executed  the  day  before.  X., 
who  taking  the  heart  in  hand,  affirmed  it  to 
be  the  stomach."  Packard'"  gives  the 
record  of  six  different  autopsies  rcjX)rtcd  in 
New  England  between  the  years  1674  and 
1678,  and  Hartwell  quotes  from  a  Maryland 
Order  of  Council"  what  may  well  be  the 
earliest  autopsy  performed  in  this  country 
by  legal  direction.  In  1691,  the  celebrated 
autopsy  on  Governor  Slaughter  of  New 
York  was  made,  which  for  a  long  time  was 
erroneously  consideral  to  be  the  first  rc- 
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corded  autopsy  in  this  country.  Governor 
Slaughter  having  incurred  several  severe 
enmities  following  the  execution  of  a  rioter, 
it  was  suspected  that  his  sudden  death 
might  be  due  to  poisoning.  Dr.  Johannes 
Kerfbyle,!^  assisted  by  five  physicians, 
was  therefore  ordered  by  the  Council  to 
examine  the  body  and  reported  that  he 
"died   of  a  defect  in  his  blood  and  lungs 


Portrait  of  Thomas  Cadwalader  (1708- 1779)  i^'  Posses- 
sion   OF    THE    Pennsylvania    Hospital.  The    Original, 
BY  Charles  Wilson  Peale  in   1770,  is  Owned  by  John 
Cadwalader  of  Philadelphia. 

occasioned  by  some  glutinous  tough  humor 
in  the  blood,  which  stopped  the  passage 
thereof  and  occasioned  its  settling  in  the 
lungs."  This,  Walsh, ^^  who  gives  an  excel- 
lent description  of  the  event,  has  ingeniously 
suggested  to  be  the  seventeenth  century 
manner  of  describing  a  pulmonary  embolism. 
From  such  accounts  we  may  infer  that  in 
several  of  the  American  colonies  at  least,  a 
post-mortem  examination  to  determine  the 
cause  of  death  was  not  an  uncommon  occur- 
rence in  the  seventeenth  century.  Of  much 
later  date  (1750)  was  the  well-known  injec- 
tion and  dissection,  by  Drs.  Thomas  Bard  and 
Peter  Middleton  of  New  York,  of  the  body 
of  Hermannus  Carroll,  an  executed  criminal. 


"for  the  instruction  of  the  young  men  then 
engaged  in  the  study  of  medicine."  Walsh 
states  that  they  had  offered  a  private  course 
in  anatomy  before  this  date,  but  I  do  not  know 
on  what  authority  this  statement  is  based. 

Laudable  and  necessary  as  such  efforts 
were,  however,  their  benefits  were  mostly 
individual  and  evanescent,  and  it  is  to  a 
different  source  that  we  must  turn  for  the 
work  that  may  be  said  to  have  initiated  the 
scientific  study  of  anatomy  in  the  American 
colonies.  The  credit  for  this  achievement 
may  fairly  be  given  to  Dr.  Thomas  Cad- 
walader, one  of  the  most  notable  Philadel- 
phia physicians  of  the  eighteenth  centurj^ 

Thomas  Cadwalader"  (i  707/8-1 779)  was 
the  son  of  John  Cadwalader,  who  emigrated 
from  Wales  in  1689,  ^^^  Martha  the 
daughter  of  Dr.  Edward  Jones.  Having 
studied  in  the  Friends  "Publick"  School 
(now  the  Penn  Charter  School),  he  wa§ 
apprenticed  at  the  mature  age  of  eighteen 
for  two  years  to  his  uncle.  Dr.  Evan  Jones. 
He  is  thus  doubly  directly  connected  with 
the  founding  of  the  city,  through  two  great- 
grandfathers: John  Jones,  who  came  over 
with  Penn  in  1699  ^^^  Dr.  Thomas  Wynne, 
one  of  the  original  settlers,  the  father-in- 
law  of  his  grandfather,  Edward  Jones.  To 
complete  his  medical  education,  he  was 
sent  to  the  University  of  Rheims  and  to 
England,  where  he  studied  under  the  cele- 
brated William  Cheselden,  of  whom  Pope 
wrote,  "I'll  do  what  Mead  and  Cheselden 
advise,  to  keep  these  limbs  and  to  preserve 
these  eyes."  Here  presumably  he  learned 
the  art  of  dissection,  which  was  soon  to 
stand  him  in  such  good  stead.  Shortly  after 
his  return  from  Europe  (probably  in  1730), 
he  was  known  to  be  "so  proficient  in  dis- 
section, at  that  time  rare  in  Europe  and 
unknown  in  America,  that  students  and 
physicians  alike  urged  him  to  give  a  public 
course  of  lectures  on  the  cadaver."  Caspar 
Wistar^^  says:  "According  to  correct 
information  I  find  that  on  his  return  to  Phila- 
delphia he  made  dissections  and  demon- 
strations for  the  instruction  of  the  elder 
Dr.  Shippen  and  some  others,  who  had  not 
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Ix-en  abroad."  These  demonstrations  were 
given  in  a  building  on  the  back  part  of  a  lot 
on  Second  Street  above  Wahuit,  where 
later  stood  the  old  Bank  of  Philadelphia.'" 
In  Caspar  Wistar's  words,  "this  probably 
was  the  first  business  of  the  kind  ever  done 
in  Pennsylvania."  The  impression  that  this 
event  made  in  the  mind  of  the  elder  Shippen 
was  undoubtedly  an  important  factor  in 
sending  his  son  to  England  for  his  medical 
education,  which,  as  we  shall  later  see,  was 
the  direct  cause  of  the  first  scholastic  teach- 
ing of  anatomy  in  the  American  colonies. 

Though  nothing  more  is  known  of  Cad- 
walader's  anatomical  dissections,  he  is  known 
to  have  utilized  his  skill  in  this  art  through- 
out his  career  in  the  performance  of 
autopsies.  Thus,  in  bis  celebrated  work  on 
lead  poisoning,"  there  are  numerous  notes 
of  post-mortem  observations  and  the 
"extraordinary  case  in  physics"  is  a  clinico- 
pathological    report    of    a    peculiar    bone 
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ful  period  of  our  history;  nor  to  attempt  to 
describe  his  personal  charm,  as  exempli- 
fied in  the  well-known  story  of  the  demented 
Lieut.  Bruluman  in  search  of  other  game 
than  that  with  which  the  Commons  (now 
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A  Page  of  Thomas  Cadwalader's  Manuscript  of  "An 
Ilssay  on  the  West-India  Dry-Grihes." 

'  disease  in  a  cured  diabetic,  written  much  in 
:  the  modern  style.  It  is  not  necessary  or 
j  appropriate  in  this  place  to  enumerate  the 
1  various  distinctions  and  honors  that  came 
I  to  him  in  his  long  career  through  an  event- 


To  which  is  added. 


An  Extraordinary  CASE  in  Phyfick, 


P  H ILADELP  II  lA: 

Printed  and  fold  by  B.  FRANKLIN. 
M.DCC.XLV. 

Title  Page  of  Cadwai  adi.k's  "Essav  on  the  West-India 

Dry-Grii'es."  The  Copy  in  the  Library  of  the  College 

of  Physicians  is  Unique  in  Having  Two  Prefaces. 

City  Hall  Plaza)  then  abounded.  One  anec- 
dote, recently  told  me  by  a  descendant,  I 
may  be  permitted  to  relate,  as  it  has  never 
to  my  knowledge  appeared  in  print  and 
throws  an  interesting  light  both  on  the  man 
and  his  times.  It  seems  that  for  some  little 
time  travelers  along  the  Blockley  (now 
Montgomery)  Pike  had  been  lx)thcrcd  by 
ghosts  in  the  old  Merion  (Quaker)  meeting 
churchyard  (founded  in  1683).  Dr.  Gid- 
walader  therefore  decided  to  invcstipflte  the 


274 


Annals  oj  Medical  History 


problem  by  spending  the  night  on  the 
premises,  which  were  some  six  or  eight  miles 
from  town.  When  the  white  apparition  of  the 
ghost  appeared  the  worthy  doctor  gave 
chase  around  the  graveyard  and  finally 
caught  him,  when  he  turned  out  to  be  a 
harmless  lunatic  at  large. 

Cadwalader's  achievements  in  dissection 
and  in  morbid  anatomy  were  the  more 
noteworthy  on  account  of  the  low  level 
on  which  medicine  stood  in  the  colonies 
in  the  first  half  of  the  eighteenth  century. 
Quacks  were  said  to  "abound  like  the 
locusts  in  Egypt"  and  complaints  about 
charlatanism  are  only  too  numerous  in  the 
writings  of  the  time.  It  is  to  be  feared  that 
the  scurrilous  words  of  Douglass, ^^  a  notable 
Scotch  physician,  who  settled  in  Boston  in 
1 718,  have  more  than  a  modicum  of  truth: 

In  our  plantations,  a  practitioner,  bold,  rash, 
impudent,  a  lyar,  basely  born  and  uneducated, 
has  much  the  advantage  of  an  honest,  cautious, 
modest  gentleman.  In  general,  the  physical 
practice  in  our  Colonies  is  so  perniciously  bad, 
that  excepting  in  surgery  and  some  acute  cases, 
it  is  better  to  let  nature  take  her  course  than 
to  trust  to  the  honesty  and  sagacity  of  the 
practitioner;  our  American  practitioners  are 
so  rash  and  officious  that  the  saying  of  the  Apoc- 
rypha may,  with  propriety,  be  applied  to 
them;  "He  that  sinneth  before  his  maker,  let 
him  fall  into  the  hands  of  the  physician." 
Frequently  there  is  more  danger  from  the  physi- 
cian than  from  the  distemper. 

In  the  latter  half  of  the  century,  however, 
things  medical  were  taking  a  distinct  turn 
for  the  better.  Not  only  did  the  growing 
wealth  and  strength  of  the  colonies  permit 
an  ever-increasing  number  of  ambitious 
students  to  visit  the  schools  of  Vienna, 
London  and  Edinburgh,  in  order  to  secure 
a  scientific  foundation  for  their  medical 
studies,  but  also  by  the  French  and  Indian 
wars  many  medical  men  of  superior  educa- 
tion were  brought  to  the  colonies.  In  the 
words  of  Dr.  Nicholas  Romaine:^^ 

The  war  which  effected  the  conquest  of  Can- 
ada, was,  perhaps,  the  first  circumstance  which 
materially  improved  the  condition  of  medicine 


in  this  State  (New  York).  The  English  army 
employed  for  that  purpose,  left  Europ>e,  accom- 
panied by  a  highly  respectable  medical  staff, 
most  of  whom  landed  in  the  city  of  New  York, 
and  continued  some  years  in  the  neighboring 
territories,  affording  to  many  young  Americans 
opportunities  of  attending  the  military  hos- 
pitals, and  receiving  such  professional  instruc- 
tion as  gave  them  afterward  consideration  with 
the  public.  The  physicians  and  surgeons  of  the 
Anglo-American  army  gained  the  confidence  of 
the  public,  by  their  superior  deportment  and 
professional  information.  The  military  estab- 
lishments in  this  State,  after  the  Canadian  war, 
required  medical  and  surgical  attendants,  so 
that  the  people  had  the  benefit  of  their  advice. 
In  this  manner  a  new  order  of  medical  men  was 
introduced  Into  the  Comniunit}-. 

Without  the  aid  of  medical  schools,  those 
who  could  not  afl^ord  to  go  abroad,  and 
many  who  could,  acquired  their  training 
through  the  apprentice  system,  a  method 
that  was  not  without  its  advantages  and 
which  was  at  this  time  extensively  followed 
in  Europe  as  well.  The  young  aspirant, 
after  serving  an  appropriate  time  under 
indenture  as  the  physician's  technical — and 
often  menial — assistant,  thus  acquired  con- 
siderable skill  in  medical  practice  and  in 
the  necessary  adjunct  of  pharmacy,  but  had 
little  opportunity  to  study  the  underlying 
sciences.  That  these  apprenticeships  were  no 
sinecure  is  shown  by  John  Bard's  service 
with  the  churlish  Dr.  Kearsley  for  seven 
years,  beginning  when  he  was  fourteen. 
Benjamin  Rush  started  with  John  Redman 
at  fifteen  and  served  for  six  years,  and  James 
Lloyd  of  Boston  served  with  Clark  for  five 
years,  beginning  at  the  advanced  age  of 
seventeen.  Though  not  especially  connected 
with  the  teaching  of  Anatomy,  a  word  at 
this  point  as  to  the  flourishing  condition  of 
medicine  in  the  Southern  colonies  of  the 
eighteenth  century  seems  desirable.  In 
Charleston,  especially.  Lining,  Moultrie, 
Chalmers  and  Garden  formed  a  noteworthy 
group  and  the  last  named,  with  Mitchell 
of  Virginia,  constituted  two  of  the  fourteen 
American  colonial  Fellows  of  the  Royal  i 
Society.  I 
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The  earliest  printed  announcement  of 
lectures  on  anatomy  in  this  country  was 
apparently  that  of  Thomas  Wood,  Surgeon, 
who  placed  the  following  advertisement  in 
the  New  York  Weekly  Postboy  of  January 
2-.    1752:^" 

Whereas  Anatomy  is  allowed  on  all  Hands,  to 
be  the  Foundation  both  of  PHYSICK  and 
SURGERY,  and  consequently,  without  SOME 
knowledge  of  it,  no  person  can  be  duly 
qualilicd  to  practice  either:  This  is  therefore 
to  inform  the  Publick,  That  a  COURSE  of 
OSTEOLOGY  and  MYOLOGY,  is  intended 
to  be  begun,  some  Time  in  February  next,  in 
the  City  of  New  Brunswick,  (for  which  Notice 
will  be  given  in  this  Paper,  as  soon  as  a  proper 
number  have  subscribed  towards  it).  In  which 
Course,  all  the  human  BONES  will  be  sepa- 
rately examined,  and  their  Connections  and 
Dependencies  on  each  other  demonstrated; 
and  all  the  MUSCLES  of  a  human  BODY 
dissected;  the  Origin,  Insertion,  and  Use  of 
each  plainly  shown.  This  Course  is  proposed 
to  be  fmished  in  the  Space  of  a  Month. 
Thomas  Wood,  Surgeon. 

Such  Gentlemen  who  are  willing  to  attend 
this  Course,  are  desired  to  subscribe  their 
Names  as  soon  as  possible,  with  Mr.  Richard 
Ayscough,  Surgeon,  at  New  York  or  said 
Thomas  Wood,  at  New  Brunswick,  paying  at 
the  same  Time,  THREE  POUNDS,  Proc.  and 
engaging  to  pay  the  said  Sum  of  Three  Pounds 
more,  when  the  Course  is  half  finished. 

N.  B.  If  projjer  Encouragement  is  given  in 
this  Course,  he  proposes  soon  after,  to  go  thro' 
a  Course  of  ANGIOLOGY  and  NEUROLOGY; 
and  conclude,  with  performing  all  the  OPERA- 
TIONS of  SURGERY,  on  a  dead  body:  The 
Use  of  which  will  appear  to  every  Person,  who 
considers  the  Necessity  of  having  (at  least)  SEEN 
them  performed,  before  he  presumes  to  perform 
them  himself  on  any  living  Fellow  Creature. 

Although  this  advertisement  was  subse- 
quently repeated  on  several  occasions  in 
the  same  journal,  I  have  been  unable  to 
find  the  notice  mentioned,  so  do  not  know 
whether  one  or  both  courses  were  given,  or 
if  begun,  how  long  they  were  continued. 
Wood's  lecturers,  if  given,  antedated  by  two 
years  the  better  known  course  of  lectures 


on  anatomy  and  comparative  anatomy, 
given  by  William  Hunter  in  Newport  in 
1 754  to  1 756.  Hunter,"  a  Scotchman,  born 
in  1720,  was  said  to  be  a  relative  of  his  more 
famous  namesake.  Educated  at  Edinburgh 
under  the  elder  Munro,  and  at  Leydcn,  he 
came  to  Rhode  Island  in  1752  and  quickly 
attained  a  position  of  prominence  in  the 
community.  His  medical  library,  at  that 
time  said  to  be  the  largest  in  New  England, 
was  mostly  dispersed  by  accidents  of  the 
Revolution;  but  his  manuscript  lectures 
were  still  said  to  be  in  existence  at  a  much 
later  date,  and  his  portrait  still  exists  in 
the  possession  of  a  descendant  of  the  same 
name,  who  is  now  employed  in  the  United 
States  Department  of  State. 

While  these  sporadic  efforts  apparently 
complete  the  narrative  of  prcscholastic 
instruction  in  anatomy  in  the  American 
colonics,  the  record  should  not  be  considered 
discreditable  in  the  light  of  the  relatively 
immature  state  of  that  science  in  the  home 
countries  at  that  time.^^  Even  on  the  Conti- 
nent, where  the  study  of  Anatomy  was  most 
advanced,  the  Theatrum  Anatomicum  of 
Berlin  was  not  founded  till  171 3  and  the 
Vienna  theatre  in  171 8,  and  the  latter  was 
practically  without  dissections  till  174^- 
In  Strasburg,  Salzmann  had  daily  dis- 
sections with  three  weekly  demonstrations 
in  1708;  but  Haller,  in  Tubingen,  was 
forced  to  study  on  dogs,  and  in  Paris, 
on  one  occasion,  fled  for  his  life  from  a 
body-snatching  episode.  The  celebrated 
Albinus  averaged  but  one  dissection  a  year 
at  Leyden,  Fricdrich  Hoffmann  but  twenty 
in  twenty-four  years  at  Halle;  while  in 
Prague  there  were  but  three  dissections 
between  1692  and  17 12.  The  earliest  chairs 
of  anatomy  in  England  were  all  founded  in 
the  eighteenth  century  (Edinburgh,  1705; 
Cambridge,  1707;  Glasgow,  1718;  the 
Oxford  lectureship,    1750*;  Dublin,  1785). 

*  According  to  A.  Chaplin  (Contributions  to 
Medical  and  Biological  Research.  Dedicated  to  Sir 
William  Osier,  1919,  i,  16),  the  Lee  lectureship  in 
Anatomy  at  Christ  Church,  Oxford,  was  founded 
in  1762. 
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We  now  come  to  a  more  important  and 
protracted  effort  in  anatomical  educa- 
tion, and  of  greater  significance,  as  it  led 
directly  to  the  foundation  of  the  first 
medical  school  in  the  American  colonies. 
William  Shippen,  Sr.,  impressed  with  the 
advantages — denied  to  him — of  a  European 
education,  and  following  the  growing 
custom  of  the  time,  in  1758,  sent  his  son, 
William,  who  had  already  studied  physic 
with  him  for  four  years,  to  London  to  study 
anatomy  with  John  Hunter  and  obstetrics 
with  William  Hunter,  Smellie  and 
McKenzie.  In  London  young  Shippen  lived 
with  John  Hunter  and  worked  in  his  home 
and  in  William  Hunter's  Theatre  in  Covent 
Garden,  the  Great  Windmill  Street  School 
not  being  started  until  1768.  He  became 
closely  acquainted  with  the  talented  William 
Hewson,  three  years  his  junior,  and  the 
celebrated  Quaker  physician,  John  Fother- 
gill,  who  had  already  evinced  great  con- 
structive interest  in  the  Quaker  settlement 
of  Philadelphia  and  especially  in  the  newly 
founded  (Quaker)  Pennsylvania  Hospital, 
the  oldest  general  hospital  in  this  country. 
Fothergill  discussed  with  both  Shippen  and 
John  Morgan,  the  desirability  of  establish- 


JoHN  Fothergill 

.  (1712-1780) 


ing  a  medical  school  in  the  colonies,  and 
probably  had  this  in  mind  when,  in  1762,  he 
made  his  famous  present  to  the  Pennsyl- 
vania Hospital  of  the  eighteen  anatomical 
views  and  three  cases  of  models.-^  The  story 


of  this  gift  and  its  influence  on  medical 
education  has  been  so  fully  told  elsewhere''* 
that  it  need  not  be  repeated  here. 

Shippen,  after  finishing  his  course  under 
Cullen  and  Munro  secundus  and  getting 
his  degree  at  Edinburgh,"  returned  to 
Philadelphia  in  May  1762,  and  the  same 
autumn  began  the  successful  course  of  ana- 
tomical lectures,  which  continued  until 
interrupted  by  the  Revolution  in  1777.  In 
the  Pennsylvania  Gazette  of  November  1 1 , 
1762,  he  issued  the  prospectus  of  his 
lectures,  of  which  the  introductory  lecture 
was  given  at  the  State  House  on  the  i6th. 
Subsequent  lectures  were  given  in  a  building 
erected  for  the  purpose  in  the  rear  of  his 
father's  residence  on  Fourth  Street,  and 
were  doubtless  largely  based  on  the  "curious 
Anatomical  Casts  and  drawings,  presented 
by  the  judicious  and  benevolent  Doctor 
Fothergill,"  which  the  managers  of  the 
Pennsylvania  Hospital  generously  loaned. 
Probably  the  skeleton  presented  by  Deborah 
Morris  to  the  Hospital  in  1757,  also  played 
an  important  role;  and  in  December  the 
body  of  a  negro  who  had  committed  suicide 
became  available  for  dissection,  and  those 
of  all  criminals  and  suicides  for  some  time 
thereafter.  ^^ 

By  the  spring  of  1765,  Shippen's  friend, 
John  Morgan,  was  ready  to  return  to  Amer- 
ica "to  see  whether,  after  fourteen  years' 
devotion  to  medicine,  I  can  get  my  living 
without  turning  apothecary  or  practicing 
surgery."  But  he  had  still  weightier  projects 
in  hand,  and  before  leaving  Europe,  he  had 
already  prepared  a  written  Plan,  which 
had  the  approval  of  the  Hunters,  Cullen, 
Fothergill  and  others,  for  the  formation  of  a 
medical  faculty  in  the  flourishing  young 
College  of  Philadelphia.  This,  with  a  letter 
of  presentation  to  the  Board  of  Trustees 
from  Thomas  Penn,  proved  so  efficacious 
that  on  May  3,  1765,  he  was  unanimously 
elected  Professor  of  the  Theory  and  Prac- 
tice of  Physic  and  the  next  September,  in 
response  to  Dr.  Shippen's  "application"  by 
letter,  the  latter  was  unanimously  elected 
Professor  of  Anatomy  and  Surgery : 
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The  instituting  of  medical  schools  in  this 
country  has  been  a  favorite  object  of  my  atten- 
tion for  seven  years  past,  and  it  is  three  years 
since  I  proposed  the  expediency  and  practi- 
cability of  teaching  medicine  in  all  its  branches 
in  this  city,  in  a  public  oration  read  at  the  State 
House,    introductory    to    my    first    course    of 


14th,  Shippcn  began  the  first  course  of  lec- 
tures given  in  a  medical  school  in  this 
country.  The  joint  announcement  read  as 
follows: 

As    the    necessity    for    cultivating    medical 
knowledge  in  America  is  allowed  by  all,  it  is 


The  Gypsum  Casts  Which  Fothercill  PBESE^JTED  to  the  Pennsylvania  Hospital. 


\iiatomy.  I  should  have  long  since  sought  the 
patronage  of  the  Trustees  of  this  College,  but 
waited  to  be  joined  by  Dr.  Morgan,  to  whom  I 
first  communicated  my  plan  in  England  and  who 
promised  to  unite  with  me  in  every  scheme  we 
might  think  necessary  for  the  execution  of  so 
important  a  point. 

I  am  pleased,  however,  to  hear  that  you  gen- 
tlemen, on  being  applied  to  by  Dr.  Morgan, 
have  taken  the  plan  under  your  protection  and 
have  appointed  that  gentleman  Professor  of 
Medicine. 

A  professorship  of  Anatomy  and  Surgery  will 
be  gratefully  accepted  by,  gentlemen,  your  most 
obedient  and  humble  servant. 

William  Shippen,  Jr. 
Philadelphia,  17th  September,  1765. 

On  September  26th,  the  prospectus  of  the 
newly  founded  Department  appeared  in 
the  Penmylvania  Gazette  and  on  November 


with  pleasure  we  inform  the  public  that  a  Course 
of  Lectures  on  two  of  the  most  important 
branches  of  that  useful  science,  viz..  Anatomy 
and  Materia  Medica,  will  be  delivered  this 
winter  in  Philadelphia.  We  have  great  reason, 
therefore,  to  hope  that  gentlemen  of  the  Fac- 
ulty will  encourage  the  design  by  recommending 
it  to  their  pupils,  that  pupils  themselves  will 
be  glad  of  such  an  opportunity  of  improvement, 
and  that  the  public  will  think  it  an  object 
worthy  their  attention  and  patronage.  In  order 
to  render  these  courses  the  more  extensively 
useful,  we  intend  to  introduce  into  them  as 
much  of  the  Theory  and  Practice  of  Physic, 
of  Pharmacy,  Chemistry,  and  Surgery  as  can  be 
conveniently  admitted. 

From  all  this,  together  with  an  attendance  on 
the  practice  of  the  physicians  and  surgeons  of 
the  Pennsylvania  Hospital,  the  students  will 
be  able  to  prosecute  their  studies  with  such 
advantage   as   will   qualify   them   to   practice 
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hereafter  with  more  satisfaction  to  themselves 
and  benefit  to  the  community. 

The  particular  advertisements  inserted  below 
specify  the  time  when  these  lectures  are  to 
commence,  and  contain  the  various  subjects 
to  be  treated  of  in  each  course,  and  the  terms 
on  which  pupils  are  to  be  admitted. 

^      William  Shippen,  Jr.,  M.  D. 
Professor    of   Anatomy    and    Surgery    in    the 
College  of  Philadelphia 

John    Morgan    M.  D.,  F.R.S.,  Etc. 
Professor    of    Medicine    in    the     College     of 
Philadelphia 

Dr.  Shippen's  course  of  anatomical  lectures 
will  begin  on  Thursday,  the  14th  of  November, 
1765;  it  will  consist  of  about  sixty  lectures,  in 
which  the  situation,  figure,  and  structure  of  all 
parts  of  the  human  body  will  be  demonstrated 
on  the  fresh  subject,  their  respective  uses 
explained,  and  their  diseases,  with  the  indica- 


WiLLiAM  Shippen,  Jr.   (1736-1808),  the  First  Professor 
OF  Anatomy  in  British  America. 

tions  and  methods  of  cure,  briefly  treated  of; 
all  the  necessary  operations  of  Surgery  will  be 
performed,  a  course  of  bandages  given;  and  the 
whole  concluded  with  a  few  plain  and  general 
directions  in  the  practice  of  midwifery.  Each 
person  to  pay  six  pistoles. 


Those  who  incline  to  attend  the  Pennsylvania 
Hospital  and  have  the  benefit  of  the  curious 
anatomical  plates  and  casts  there,  to  pay  six 
pistoles  to  that  useful  charity. 

A  course  of  lectures  on  the  Materia  Medica 
by  John  Morgan.'M.  D.,  etc.   Price  four  pistoles. 

This  course  will  commence  on  Monday, 
the  1 8th  day  of  November,  and  be  given  three 
times  a  week  at  the  College,  at  three  o'clock  in 
the  afternoon,  till  finished,  which  will  last 
between  three  and  four  months. 

To  render  these  lectures  as  instructive  as 
possible  to  students  of  physic,  the  Doctor 
proposes,  in  the  course  of  them,  to  give  some 
useful  observations  on  Medicine  in  general, 
and  the  proper  manner  of  conducting  the  studj' 
of  physic.  The  authors  to  be  read  in  the  Materia 
Medica  will  be  pointed  out.  The  various  sub- 
stances made  use  of  in  medicine  will  be  reduced 
under  classes  suited  to  the  principal  indications 
in  the  cure  of  diseases.  Similar  virtues  in  differ- 
ent plants,  and  their  comparative  powers  will 
be  treated  of,  and  an  inquiry  made  into  the 
different  methods  which  have  been  used  in  dis- 
covering the  qualities  of  medicines,  the  virtues 
of  the  most  efficacious  will  be  particularly 
insisted  upoh ;  the  manner  of  preparing  and  com- 
bining them  will  be  shown  by  some  instructive 
lessons  upon  pharmaceutic  chemistry.  This  wall 
open  to  students  a  general  idea  of  both  chemis- 
try and  pharmacy.  To  prepare  them  more  effec- 
tually for  understanding  the  art  of  prescribing 
with  elegance  and  propriety,  if  time  allows,  it  is 
proposed  to  include  in  this  course  some  critical 
lectures  upon  the  chief  preparations  contained 
in  the  Dispensatories  of  the  Royal  College  at 
London  and  Edinburgh.  The  whole  will  be 
illustrated  with  many  useful  practical  observa- 
tions on  Diseases,  Diet  and  Medicines. 

No  person  will  be  admitted  without  a  ticket 
for  the  whole  course.  Those  who  propose  to 
attend  this  course  are  desired  to  apply  to  the 
Doctor  at  least  a  week  before  the  lectures 
begin.  A  dollar  will  be  required  of  each  student 
to  matriculate,  which  will  be  applied  to  purchase 
books  for  a  medical  library  in  the  College  for 
the  benefit  of  the  medical  students. 

Thus  was  founded  in  the  American 
Colonies  their  first  medical  faculty,  which, 
through  various  vicissitudes,  continued  an 
uninterrupted  course  to  its  present  proud 
position  as  the  Medical  Department  of  the 
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University  of  Pennsylvania.  Since  its  foun- 
dation in  1765,  there  have  been  but  seven 
occupants  of  this  chair  of  anatomy :  Shippen, 
W'istar,  Dorsey  (five  months),  Physick, 
Horner,  Leidy  and    Piersol,  truly  a  long 


for  the  establishment  of  our  first  medical 
school,  there  would  seem  to  be  plenty  for 
both  of  the  chief  actors.  Shippen  undoubt- 
edly paved  the  way  by  his  successful  courses 
of  anatomical  lectures;  as  early  as   1762, 


IIL    luTIIEKCILL    C^RAVONS    AT    THE    PENNSYLVANIA    Ilosl'lIAl. 

Anatomical  Lectures  weke  Based 

lived  and  big-minded  group  1  The  first 
degrees  (Bachelors  of  Medicine)  were  given 
in  1767,  and  by  statute,  three  years  had  to 
elapse  before  a  thesis  could  be  presented 
and  a  doctorate  acquired.  It  is  for  this 
reason  that  the  first  doctor's  degrees  were 
given  by  the  Medical  School  of  King's 
College,  N.  Y.,  which  only  required  a 
*  lapse  of  one  year.    In  awarding  the  credit 


in  his  introductory  lecture, 
he  spoke  of  the  need  for  a 
medical  school  in  America; 
and  in  the  above  letter 
speaks  of  having  attended 
to  the  matter  for  seven 
years  past.  Also  his  courses 
were  considerably  more 
important  than  those  given 
by  Morgan.  Morgan,  on  the 
'I  1      other   hand,   proposed   the 

T  i      definite    plan    that    was 

I  accepted    by    the   Trustees 

'  and  was  the  first  professor 

to  be  elected.  Morgan's 
claim  as  "the  original 
founder"  was  never  to  my 
knowledge  disputed  by  the  gentle,  amiable 
Shippen.  They  worked  together  harmoni- 
ously on  the  new  faculty,  and  though  in  the 
turmoil  of  Revolutionary,  military  medicine, 
trouble  aplenty  developed,  why  question 
this  splendid  achievement  now? 

One  more  item  of  the  teaching  of  anatomy 
in  Colonial  Philadelphia  may  be  included 
as  a  picturesque  illustration  of  the  times.  In 
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1770,  an  English  anatomist,  Dr.  Abraliam 
Chovet,  was  forced  by  a  slave  insurrection 
in  Jamaica  to  flee  with  his  family  and 
settled  in  Philadelphia.   He  brought   with 


of  the  human  body  will  be  demonstrated,  with 
their  mechanisms  and  actions,  together  with 
the  doctrines  of  life,  heahh  and  the  several 
effects  resulting  from  the  actions  of  the  parts; 


,  J,  — ^ —  "  , 

The  Fothergill  Crayons  at  thi    Pixnsylvania  Hospital  on  Which  Siiippen's  Anatomical  Lectures  were  Based. 


him  a  series  of  wax  anatomical  models, 
which,  with  a  collection  of  dried,  injected  and 
painted  specimens,  formed  the  basis  for  a 
series  of  anatomical  lectures  in  the  winter 

of    1774-75: 

At  the  Anatomical  Museum  in  Videl's  alley. 
Second  Street,  on  Wednesday,  the  Seventh  of 
December  at  six  in  the  evening  Dr.  Chovet 
will  begin  his  course  of  Anatomical  and  Phys- 
iological Lectures,  in  which  the  several  parts 


on  his  curious  collection  of  Anatomical  wax- 
works, and  other  natural  preparations;  to 
be  continued  the  whole  winter  until  the  course 
is  completed.  As  this  course  cannot  be  attended 
with  the  disagreeable  sight  or  smell  of  recent 
disease  and  putrid  carcases,  which  often  disgust 
even  the  students  in  Physick,  as  well  as  the 
curious,  otherwise  inclined  to  this  useful  and 
sublime  part  of  natural  philosophy,  it  is  hoped 
this  undertaking  will  meet  with  suitable 
encouragement. 
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Tickets  to  be  had  for  the  whole  course  at  Dr. 
Chovet's  house  in  Second  Street,  Philadelphia. 

I  cannot  find  whether  these  lectures  were 
lontinucd  later,  but  at  any  rate,  in  1793, 


the  study  of  anatomy  in  Philadelphia;  but 
it  must  be  recognized  that,  though  in  one  of 
the  latest  colonies  to  be  founded,  Philadel- 
phia   was    then     the    metropolis    of    the 


The  FoTur-Rciii.  Ckavons  at  the  Pennsvlvama  I 


his  heirs  sold  the  collection  to  the  Pennsyl- 
vania Hospital  as  an  important  addition  to 
their  museum.  At  that  time  they  consisted 
of  eight  wax  models,  ninety-three  dried  and 
sixty  wet  preparations.^'  Chovet's  per- 
sonal peculiarities  and  anecdotes  alx)ut  his 
jovial  disposition  have  been  so  well 
described  by  Packard**  and  others  that 
repetition  here  is  unnecessary. 

It  may  be  thought  that  undue  attention 
'  has  thus  far  been  paid  to  the  progress  of 


W  lii'  II  Siiifi'i  n'-    \-.  \  1 1 


\\  I  Ki;  Hasi  D. 


country,*'  and  led  the  other  centers  in 
medicine  as  it  did  in  various  other  pursuits. 
That  this  is  recognized  by  other  than 
PhiUidclphians  is  shown  by  the  following 
quotation  from  one  of  the  most  charming  of 
our  medical  essayists,*"  lost  to  us,  alas,  in 
his    prime: 

Many  (Massachusetts  Doctors)  went  to 
London  and  Edinburgh,  but  more  flocked  to 
the  Philadelphia  school.  The  foundation  of  the 
Harvard  Medical  School  in  1782  by  no  means 
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put  a  stop  to  those  Philadelphia  journeys,  for 
it  took  many  years  to  bring  the  Harvard  School 
up  to  the  Philadelphia  standard.  In  those  days, 
Philadelphia  had  this  lead  over  Boston  in  the 
advantages  it  offered  medical  students,  that  it 
provided  abundant  clinics  at  the  old  Pennsyl- 
vania Hospital.  At  Harvard  there  was  no  clinic 
worthy  the  name.  A  few  patients  were  shown 
weekly  at  the  ancient  Boston  Almshouse,  but 
the  school  proper  was  in  Cambridge,  a  two 
hours  journey  from  Boston  then,  and  the 
instruction  given  in  Cambridge  was  altogether 
didactic. 

New  York  medical  progress  followed 
close  on  the  heels  of  Philadelphia. 
In  1763  Dr.  Samuel  Glossy  (or  Clossey),  a 
graduate  of  Trinity  College,  Dublin,  who 
stayed  in  this  country  until  driven  out  by 
the  Revolution,  gave  a  course  of  lectures  on 
anatomy  at  King's  College  (now  Columbia 
University),  comparable  to  those  started 
the  year  before  by  Shippen  in  Philadelphia. 
In  1768  a  medical  department  was  started 
in  the  same  institution,  with  Clossey  as 
Professor  of  Anatomy,  and  among  others, 
John  Jones,  Professor  of  Surgery,  and  the 
celebrated  Samuel  Bard  (the  son  of  the 
afore-mentioned  John  Bard)  as  Professor  of 
the  Theory  and  Practice  of  Physic.  To  Bard, 
who  was  considered  by  Mumford  to  be  with 
Benjamin  Rush  the  two  foremost  medical 
figures  of  the  century,  is  usually  given  the 
chief  credit  for  the  foundation  of  this 
School.^' 

Organized  anatomical  instruction  in 
Baltimore  began  somewhere  between  1760 
and  1770  with  the  work  of  Charles  F. 
Wiesenthal,  a  Prussian  "Medicinae  Prac- 
ticus,"  who  arrived  in  Baltimore  in  1755.^" 
In  the  rear  of  his  house  on  Gay  Street,  he 
erected  buildings  for  his  school  and  dis- 
secting rooms,  in  which  many  eminent 
practitioners  were  taught  until  his  death 
in  1789.  These  buildings  are  still  standing 
in  1922,  and  will  soon  have  vis-a-vis,  the 
Memorial  Building  of  the  Great  War 
recently  dedicated  by  Marshall  Foch. 

In  spite  of  the  advanced  state  of  learning 
in  the  New  England  colonies,  and  the  early 


start  that  we  have  seen  made  in 
"Anatomies"  and  post-mortem  examina- 
tions, institutional  instruction  in  anatomy 
seems  to  have  lagged.  An  Anatomical 
Society  composed  of  undergraduates,  was 
known  to  have  existed  at  Harvard  in  1771 
and  to  have  been  in  possession  of  a  skeleton, 
"but  their  demonstrations  were  confined  to 
the  dissection  of  appropriate  animals," 
as  the  examination  of  a  human  body  was 
then  an  extraordinary  occurrence  even  with 
our  most  inquisitive  anatomists."  The  first 
public  lecture  on  Anatomy  in  Boston  was 
given  by  John  Jeffries  (of  English  balloon- 
ing fame)  shortly  before  the  outbreak 
of  the  Revolution,  and  it  was  not  until 
the  closing  years  of  the  Revolution  that 
in  1782  a  medical  school  was  organized 
in  Cambridge.'**  In  September,  the  Corpora- 
tion of  Harvard  College  adopted  the  report 
on  the  formation  of  a  medical  school  and  on 
November  22nd  appointed  John  Warren, 
Professor  of  Anatomy  and  Surgery.  This 
he  accepted  on  December  24th,  but  was 
not  inducted  into  office  until  the  next 
October,  with  Waterhouse  as  Professor  of 
the  Theory  and  Practice  of  Physic,  and 
Dexter,  a  few  weeks  later,  as  Professor  of 
Chemistry  and  Materia  Medica.  Warren 
held  this  chair  (which  had  been  founded  in 
1770  by  Ezekiel  Hersey  with  a  gift  of 
1,000  pounds)  until  his  death  in  1815. 

John  Warren,^*  a  brother  of  the  Joseph 
Warren  who  was  killed  at  Bunker  Hill, 
had  served  with  distinction  in  various 
positions  in  the  early  days  of  the  Revolu- 
tionary War,  and  on  July  i,  1777,  when  only 
twenty-two  years  old,  was  made  Senior 
Surgeon  of  the  newly  established  General 
Hospital  in  Boston,  a  position  which  he 
occupied  until  the  end  of  the  war.  Here,  in 
the  winter  of  1780,  he  gave  a  course  of 
anatomical  lectures  and  dissections  to  a 
group  of  students,  physicians  and  scientific 
gentlemen,  which  was  so  successful  that  the 
Boston  Medical  Society  voted  that  he 
"be  desired  to  demonstrate  a  course  of 
anatomical  lectures  the  ensuing  winter." 
This  he  gave,  as  well  as  a  third  course  in 


The  Early  History  of  Anatomy  in  the  United  States 


283 


1782,  to  which  the  Harvard  Seniors  were 
admitted,  so  that,  like  his  friend  Shippen's 
earlier  lectures  in  Philadelphia,  these 
played  an  important  part  in  promoting  the 
formation  of  a  Medical  faculty  at  Harvard. 

In  1779  Thomas  Jellerson  had  secured 
a  Professorship  of  Anatomy,  Medicine  and 
Chemistry  at  William  and  Mary  College, 
which,  with  the  foundation  of  the  Dart- 
mouth Medical  School  in  1797  by  Dr. 
Nathan  Smith,  completes  the  list  of  eigh- 
teenth century  medical  schools  in  the  United 
States. 

No  evaluation  of  these  accomplishments 
would  be  correct  without  due  recognition  of 
the  obstacles  in  the  way  of  anatomical  in- 
\  rstigation  in  the  eighteenth  century  and 
even  later.  For  most  of  this  period  there 
was  no  legal  protection  for  the  dissector,  and 

Iatomical  material  was  so  scarce  that  it 
i,  as  in  the  home  countries,  usually  to 
obtained  by  "body-snatching."    It  has 
'  already    been    related    how    the    bodies   of 
executed  criminals  were  occasionally  turned 
ii\er  by  the  authorities  for  dissection,  and 
;  Edward  Warren  tells  how  in  the  Boston  of 
his  father's  time,  the  Governor,  who  had  the 
I  disposal  of  the  body,  might  assign  it  to  the 
\  man's  friends  or  to  a  surgeon,  or  permit 
i  the  prisoner  to  make  his  own  arrangements 
j  for  the  sale  of  his  own  body.  This  gave  rise, 
i  in  the  case  of  Levi  Ames,  to  a  night  expedi- 
j  tion  and  a  matching  of  wits  that  is  amusingly 
'  described    in    Warren's    life.''    Before    the 
I^Bstence  of  a  Medical  School  or  lecture 
|^W)ni,  "the  back  windows  of  the  house  were 
!  occupied  with  drying  preparations  of  legs 
I  and  arms,  and  other  anatomical  and  morbid 
specimens,  prepared  by   Dr.   Warren,  and 
forming  the  basis  of  the  Warren  Museum, 
afterwards  in  the  Medical  College." 

Often  more  serious  events  resulted  from 
the  prevailing  ignorance  and  horror  of 
dissections.  Thus  the  building  in  which 
Shippen's  dissections  were  made  was  several 
times  attacked,  and  the  Doctor  forced  to 
conceal  himself;  and  on  one  occasion,  his 
waiting  carriage  was  driven  off  by  a  shower 
of  missiles  and  pierced  by  a  musket  ball, 


while  he  made  his  escape  through  a  private 
alley.  "Several  times  he  addressed  the 
citizens  through  the  public  papers,  assuring 
them  that  the  reports  of  his  disturbing 
private  burying  grounds  were  absolutely 
false  and  stating  that  the  subjects  he  dis- 
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Lectures,   1782,  the  Original  ok  Which  was  Enoraveo 

BV  Paul  Revere. 


sected  were  either  of  persons  who  had 
committed  suicide,  or  such  as  had  been 
publicly  executed;  except,  he  naively 
adds,  '  now  and  then  one  from  the  Potter's 
Field'."" 

In  New  York,  the  popular  prejudice 
against  dissection  culminated  in  the  cele- 
brated Doctors'  Mob  of  April,  1788.  Doctor 
Richard  Bayley,  having  waved  the  arm  of  a 
cadaver  at  a  boy  who  was  peeping  through 
the  window  of  the  Society  of  the  Hospital  in 
the  City  of  New  York,"  a  mob  collected 
which  stormed  the  buildings,  burned 
Bayley 's  valuable  pathological  collection, 
and  attacked  the  jail  whither  the  Doctors 
had  lied.  Seven  rioters  were  killed  and 
several  more  wounded  before  the  distur- 
bance was  cjuelled  by  the  militia.  Probably 
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from  this  riot,  however,  came  the  first  law 
to  aid  Anatomy,  when  New  York,  in  1789 
made  it  lawful  for  the  courts  to  add  dis- 
section to  the  death  penalty  in  cases  of 
murder,  arson  and  burglary.  In  1788  also, 
Wicscnthal's  School  in  Baltimore  was  in- 
vaded by  a  mob,  and  the  body  of  the 
murderer,  Cassidy,  which  was  being  dis- 
sected, was  taken  from  the  gentlemen  who 
were  then  studying  anatomy  and  surgery. ^^ 
In  1778,  the  state  of  Virginia  had  stopped 
the  dissection  of  executed  criminals,  per- 
mission for  which  had  previously  been  a 
prerogative  of  the  Royal  Governors,  and 
the  Massachusetts  Act  of  1784  was  appar- 
ently designed  to  discourage  dueUing  rather 
than  to  protect  anatomy.  In  it,  the  coroner 
was  directed  that  he  shall  either  bury  the 
bodies  of  dead  duellists  "without  a  coffin, 
with  a  stake  drove  through  the  body 


law  of  1789;  but  it  was  not  until  1831  that 
any  further  advance  was  made,  when 
Massachusetts  authorized  the  delivery  to 
the  Anatomists  of  the  unclaimed  bodies  of 
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Portrait  of  William  Hunter  of  Newi-ort,  R.  I.,  painted 

BY  Cosmo  Alexander,  now   in  the  possession  of  A.   F. 

Hunter  of  Newport. 


or  shall  deliver  the  body  to  any  surgeon  or 
surgeons  to  be  dissected  and  anatomized." 
In  1790  the  first  Congress  of  the  United 
States  passed  a  law  similar  to  the  New  York 
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Certificate  of  Attendance  at  Shippen's  lectures. 

"deceased  persons  required  to  be  buried  at 
the  public  expense.""  Even  as  late  as  this, 
however,  coincident  with  the  English 
"Resurrectionists,"  it  is  told  that  Dr.  Beck 
had  to  drive  a  corpse  from  Albany  to 
Boston,  on  account  of  the  scarcity  of 
anatomical  material.  In  the  State  of  Penn- 
sylvania it  was  not  until  1883  that  a  satis- 
factory law  was  obtained  for  the  legal 
acquisition  by  an  Anatomical  Board  of 
unclaimed  and  other  bodies,  for  purposes  of 
dissection  and  anatomical  study.  Since  that 
time,  however,  there  has  never  been  any 
serious  dearth  of  anatomical  material,  and 
with  the  gradual  enlightenment  of  public 
opinion,  the  student  has  long  been  able  to 
dissect  to  his  heart's  content  without  fear 
of  mob  violence.  With  an  abundance  of 
material  and  equipment,  conditions  for 
anatomical  study  in  this  country  are  there- 
fore favorable.  Although  the  steps  of  medical 
progress  have  inevitably,  for  the  most  part, 
left  the  firm  footing  of  normal  and  patho- 
logical anatomy  for  more  complicated  and 
shifting  fields,  let  us  hope  that  the  proper 
importance  of  these  studies  to  the  student 
beginning  medicine  will  never  be  whollj 
lost  sight  of. 
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The  now  Pathological  Laboraton',  although  formally  opened  in  Depcmber,  1919,  on 
account  of  lack  of  necessarj'  etiuipment  and  personnel,  did  not  begin  actual  operations  until 
the  following  July,  since  which  time  the  routine  work  has  already  been  more  than  double 
that  of  previous  years.    The  Laboratory-  has  been  so  organized  as  to  give  not  only  efficient 
service  in  the  routine  work  demanded  by  the  wards  of  a  general  hospital,  but  also  to  per- 
[mit  time  for  intensive  investigation  of  such  problems  as  are  offered  from  time  to  time  by 
the  material  at  the  disposal  of  the  staff.    To  this  end  the  work  has  been  organized  into  the 
following  divisions:   1.  Clinical  Pathology-;  2.  Bacteriology;  3.  Biochemistry-;  4.  Postmor- 
cm  Pathology.    These  are  all  under  the  supervision  of  the  Director  of  the  Laboratory 
Ff acting  also  as  clinical  pathologist),  who  in  turn  is  responsible  to  the  Medical  Director  of 
[the  hospital  and  through  him  to  the  Superintendent  of  the  Bureau  of  Hospitals  and  Direc- 
tor of  the  Department  of  Public  Health. 

The  Division  of  Clinical  Pathology  cares  for  most  of  the  requests  from  the  w-ards  for 
the  simpler  laboratory  tests,  such  as  examination  of  urine,  sputum,  secretions,  gastric  con- 
ents,  blood  counts,  etc.    The  work  is  done  by  three  of  the  five  internes  on  the  laboratory 
[Bcrvice.  aided  by  a  technician,  all  under  the  supervision  of  the  Clinical  Pathologist  and  his 
^assistant.    During  the  course  of  the  year  they  have  performed  over  30,000  examinations, 
nd  it  is  estimated  that  in  the  near  future  this  amount  w-ill  be  almost  doubled. 

CARDIOGRAPHIC  STUDY 

The  heart  station  for  the  cardiographic  study  of  ward  cases,  although  under  the  super- 
vision of  the  Clinical  Pathologist,  is  located  in  the  Medical  Division  of  the  hospital,  as  it 
is  necessary  to  bring  all  patients  that  arc  to  be  examined  to  the  heart  station.  The  electro- 
cardiographer,  assisted  by  a  technician  (both  on  half-time) ,  are  concerned  with  the  graphic 
registration  of  the  heart  beat  on  all  cases  requested.  This  is  done  either  with  the  Macken- 
zie polygraph,  or  more  often  with  the  string  galvanometer,  an  expensive  and  stationary  in- 
strument, w-hich,  however,  registers  with  extreme  accuracy  all  disorders  of  mechanism  of  the 
heart  beat.  This  is  not  only  of  great  value  in  diagnosis  and  prognosis  of  heart  disease,  but 
furnishes  valuable  material  for  investigation  in  this  important  subject. 


B.\CTERI0IXX3Y 

The  Division  of  Bacteriology  is  presided  over  by  the  Chief  Bacteriologi.st,  aided  by  two 
assistant  bacteriologists,  a  serologist,  and  a  technician,  a  cleaner,  and  an  interne,  all  on  full 
time.  They  are  responsible  for  all  the  more  complicated  .bacteriological  requests,  such  as 
cultures  from  blood,  and  other  body  fluids  and  pus,  for  Wasserman  tests,  and  other  sero- 
logical examinations;  for  the  bacteriology  of  postmortem  examinations,  and  of  the  milk  and 
cream  supply,  and  for  occasional  surveys  of  wards,  clinics,  etc.,  in  the  presence  of  epidemics, 
or  persisting  infections,  as  the  occasion  demands.  Although  all  such  examinations  arc  neces- 
sarily more  complicated  and  time  consuming  than  in  the  Division  of  Clinical  Pathology,  they 
accompli.«h  more  than  10.000  report*  annually,  and  already  have  undertaken  several  import- 
ant investigations.  Some  of  these  will,  of  course,  demand  a  long  period  before  the  results 
can  be  utilized,  but  in  one  at  least  it  is  probable  that  a  valuable  practical  application  will 
bo  made  in  the  near  future. 

BIOCHEMISTRY 

The  Department  of  Biochemistry  has  been  handicapped  by  our  inability  to  secure  a 
chief  chemist.    The  staff,  at  present,  consists  of  a  full-time  assistant  chemist,  a  half-time 


assistant,  a  technician  and  an  interne.  They  perform  the  various  tests  in  the  chemistry  of 
blood,  urine  and  other  body  fluids,  and  in  basal  metabolisms,  which  are  now  so  frequently 
demanded  by  progressive  physicians.  In  addition  they  have  frequent  requests  for  reports  on 
the  chemistry  of  milk  and  cream  supplied  to  the  hospital,  suspected  cases  of  poisoning  in  the 
hospital  wards,  or  occasionally  at  autopsy,  and  similar  miscellaneous  demands. 

POSTMORTEM    PATHOLOGY 

The  Division  of  Postmortem  Pathology  is  under  the  immediate  direction  of  the  pro- 
fessors of  pathology  of  three  of  the  leading  medical  schools  of  the  City,  each  serving  for  a 
period  of  four  months.  The  autopsies  are  performed  by  their  assistants,  with  the  aid  of 
the  laboratory  internes  (serving  in  rotation),  and  of  the  morgue  officer  and  his  assistants. 
The.se  pathologists  serve  without  pay  and  utilize  the  material  for  instruction  of  the  stu- 
dents in  the  respective  institutions  who  come  to  this  laboratory  several  times  weekly  for 
this  purpose.  The  dictated  descriptions  of  these  autopsies  are  typewritten  in  triplicate  by 
a  stenographer,  one  copy  kept  as  a  permanent  laboratory  record  in  bound  volumes,  another 
sent  to  the  hospital  office  to  be  bound  with  its  clinical  history,  the  third  sent  to  the  patholo- 
gist who  performs  the  autopsy.  The  tissues  taken  for  histological  examination  are  pre- 
pared by  two  technicians,  and  examined  by  two  histologists  (on  part  time),  and  written 
descriptions  in  triplicate  distributed  in  the  manner  before  mentioned;  or  if  from  the  nervou< 
system  by  neuropathologists  with  their  own  technician  specializing  on  this  line.  The  his- 
tologists also  examine  all  tissues  removed  at  operations,  which  in  many  cases  establishes  a 
previously  doubtful  diagnosis,  and  is  therefore  of  great  value  to  both  surgeon  and  patient. 
Appropriate  specimens  are  handed  over  to  the  museum  curator  for  proper  preparation  and 
mounting.  It  is  hoped  that  with  the  1,700  specimens  now  on  hand,  and  the  future  accumu- 
lation rendered  possible  by  the  wealth  of  material,  that  this  museum  should  become  one  of 
the  most  valuable  in  the  country,  both  for  exhibition  and  teaching  purposes.  Four  anato- 
mists are  responsible  for  the  proper  cataloguing  and  description  of  these  specimens,  as  well 
as  giving  needed  assistance  to  the  pathologist  at  the  time  of  autopsy. 

The  five  internes  on  laboratory  service  each  spend  two  months  in  the  laboratory,  divided 
at  present  into  twelve-day  periods,  of  which  periods  two  are  spent  on  clinical  pathologj',  one 
on  urine  examination,  one  on  chemistry,  one  on  bacteriology.  This  short  time  is  barely  suffi- 
cient to  give  them  the  practice  in  the  routine  of  these  branches  that  is  demanded  by  the 
State  Boards  of  Medical  Examiners,  and  it  is  hoped  that  in  the  near  future  the  time  can 
be  extended.  The  internes  also  rotate  as  assistants  at  autopsies,  and  on  account  of  the  wealth 
of  material  in  this  service,  each  interne  acquires  practical  experience  in  the  performance  of 
from  10  to  16  autopsies.  As  it  is  emphasized  to  the  chiefs  of  the  divisions  that  the  instruction 
of  internes  is  a  definite  part  of  their  duty,  it  is  believed  that  this  service  is  practically  equiva- 
lent to  a  post  graduate  course  on  laboratory  methods  and  will  be  even  more  valuable  to 
the  interne  if  the  time  could  be  prolonged.  Including  technicians,  cleaners,  and  morgue  offi- 
cers, the  total  staff  numbers  49,  of  whom  11  are  unpaid,  and  many  on  part  time,  averaging 
from  3  to  5  hours  daily. 

The  spacious  quarters  provided  in  the  new  laboratory  will  eventually  not  only  give 
adequate  space  for  the  proper  performance  of  the  work  indicated  in  the  above  outline,  but 
also  numerous  research  rooms  to  which  it  is  hoped  that  graduate  students  or  exchange 
workers  from  this  or  other  cities  will  be  attracted.  The  ample  facilities  which  we  hope 
soon  to  have  installed,  and  the  great  mass  of  material  afforded  by  the  wards  of  the  hos- 
pital, as  well  as  the  rapidly  growing  museum  and  library,  shoulld  afford  many  attractions  to 
those  desirous  of  undertaking  the  highest  type  of  pathological  study. 


ORGANIZATION   AND   FUNCTION  OF  THE   NEW   PATHOLOGICAL  LABORATORY  OF  THE 

PHILADELPHIA   GENERAL  HOSPITAL 
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The  new  Pathological  Labornton,',  altliough  formally  opened  in  Deeembcr,  1919,  on 
account  of  lack  of  necessary  equipment  and  personnel,  did  not  begin  actual  operations  until 
the  following  .July,  since  which  time  the  routine  work  has  already  been  more  than  double 
that  of  previous  years.  The  Laboratory  has  been  so  organized  as  to  give  not  only  efficient 
service  in  the  routine  work  demanded  by  the  wards  of  a  general  hospital,  but  also  to  per- 
il time  for  intensive  investigation  of  such  problems  as  are  offered  from  time  to  time  by 
he  material  at  the  disposal  of  the  staff.  To  this  end  the  work  has  been  organized  into  the 
following  divisions:  1.  Clinical  Pathology;  2.  Bacteriology;  3.  Biochemistry;  4.  Postmor- 
tem PathoIog\'.  These  are  all  under  the  supervision  of  the  Director  of  the  Laborator>' 
(acting  al.<o  as  clinical  pathologist),  who  in  turn  is  responsible  to  the  Medical  Director  of 
the  hospital  and  through  him  to  the  Superintendent  of  the  Bureau  of  Hospitals  and  Direc- 
tor of  the  Department  of  Public  Health. 

The  Division  of  Clinical  Pathology  cares  for  most  of  the  requests  from  the  wards  for 
the  simpler  laboratory  tests,  such  as  examination  of  urine,  sputum,  secretions,  gastric  cou- 
nts, blood  counts,  etc.    The  work  is  done  by  three  of  the  five  internes  on  the  laborattiry 
rvice,  aided  by  a  technician,  all  under  the  supervision  of  the  Clinical  Pathologist  and  his 
ssistant.     During  the  course  of  the  year  they  have  performed  over  30,000  examinations, 
od  it  is  estimated  that  in  the  near  future  this  amount  will  be  almost  doubled. 

CARDIOGRAPH  IC  STUDY 

The  heart  station  for  the  cardiographic  study  of  ward  cases,  although  under  the  super- 
ision  of  the  Clinical  Pathologist,  is  located  in  the  Medical  Division  of  the  hospital,  as  it 
neccssarj-  to  bring  all  patients  that  are  to  be  examined  to  the  heart  station.  The  electro- 
*ardiographer,  assisted  by  a  technician  (both  on  half-time),  are  concerned  with  the  graphic 
registration  of  the  heart  beat  on  all  cases  requested.  This  is  done  either  with  the  Macken- 
zie polygraph,  or  more  often  with  the  string  galvanometer,  an  expensive  and  stationary'  in- 
strument, which,  however,  registers  with  extreme  accuracy  all  disorders  of  mechanism  of  the 
heart  beat.  This  is  not  only  of  great  value  in  diagnosis  and  prognosis  of  heart  disease,  but 
furnishes  valuable  material  for  investigation  in  this  important  subject. 


BACTERIOLOGY 

The  Division  of  Bacteriology  is  presided  over  by  the  Chief  Bacteriologist,  aided  by  two 
Eassislant  bacteriologists,  a  serologist,  and  a  technician,  a  cleaner,  and  an  interne,  all  on  full 
time.  They  are  responsible  for  all  the  more  complicated  bacteriological  requests,  such  as 
cultures  from  blood,  and  other  body  fluids  and  pus,  for  Wasserman  tests,  and  other  sero- 
ilogical  examinations;  for  the  bacteriology  of  postmortem  examinations,  and  of  the  milk  and 
cream  supply,  and  for  occasional  surveys  of  wards,  clinics,  etc.,  in  the  presence  of  epidemics, 
or  persisting  infecti<ins,  as  the  occasion  demands.  Although  all  such  examinations  are  neces- 
sarily more  complicated  and  time  consuming  than  in  the  Division  of  Clinical  Patholog>',  they 
accomplish  more  than  10,000  reports  annually,  and  already  have  undertaken  several  import- 
ant investigations.  Some  of  these  will,  of  course,  demand  a  long  periml  before  the  results 
can  be  utilized,  but  in  one  at  least  it  is  probable  that  n  valuable  practical  application  will 
he  made  in  the  near  future. 

BIOCHEMISTRY 

rThe  Department  of  Biochemistry  has  been  handicapped  bv  our  inability  to  secure  a 


assistant,  a  technician  and  an  interne.  They  perform  the  various  tests  in  the  chemistry  of 
blood,  urine  and  other  body  fluids,  and  in  basal  metabolisms,  which  are  now  so  frequently 
demanded  by  progressive  physicians.  In  addition  they  have  frequent  requests  for  reports  on 
the  chemistry  of  milk  and  cream  supplied  to  the  hospital,  suspected  cases  of  poisoning  in  the 
hospital  wards,  or  occasionally  at  autopsy,  and  similar  miscellaneous  demands. 

POSTMORTEM   PATHOLOGY 

The  Division  of  Postmortem  Pathology  is  under  the  immediate  direction  of  the  pro- 
fessors of  pathology  of  three  of  the  leading  medical  schools  of  the  City,  each  serving  for  a 
period  of  four  months.  The  autopsies  are  performed  by  their  assistants,  with  the  aid  of 
the  laboratory  internes  (serving  in  rotation),  and  of  the  morgue  officer  and  his  assistants. 
These  pathologists  serve  without  pay  and  utilize  the  material  for  instruction  of  the  stu- 
dents in  the  respective  institutions  who  come  to  this  laboratory  several  times  weekly  for 
this  purpose.  The  dictated  descriptions  of  these  autopsies  are  typewritten  in  triplicate  by 
a  stenographer,  one  copy  kept  as  a  permanent  laboratory  record  in  bound  volumes,  another 
sent  to  the  hospital  office  to  be  bound  with  its  clinical  history,  the  third  sent  to  the  patholo- 
gist who  performs  the  autopsy.  The  tissues  taken  for  histological  examination  are  pre- 
pared by  two  technicians,  and  examined  by  two  histologists  (on  part  time),  and  written 
descriptions  in  triplicate  distributed  in  the  manner  before  mentioned;  or  if  from  the  nervous 
system  by  neuropathologists  with  their  own  technician  specializing  on  this  line.  The  his- 
tologists also  examine  all  tissues  removed  at  operations,  which  in  many  cases  establishes  a 
previously  doubtful  diagnosis,  and  is  therefore  of  great  value  to  both  surgeon  and  patient. 
Appropriate  specimens  are  handed  over  to  the  museum  curator  for  proper  preparation  and 
mounting.  It  is  hoped  that  with  the  1,700  specimens  now  on  hand,  and  the  future  accumu- 
lation rendered  possible  by  the  wealth  of  material,  that  this  museum  should  become  one  of 
the  most  valuable  in  the  country,  both  for  exhibition  and  teaching  purposes.  Four  anato- 
mists are  responsible  for  the  proper  cataloguing  and  description  of  these  specimens,  as  well 
as  giving  needed  assistance  to  the  pathologist  at  the  time  of  autopsy. 

The  five  internes  on  laboratory  service  each  spend  two  months  in  the  laboratory,  divided 
at  present  into  twelve-day  periods,  of  which  periods  two  are  spent  on  clinical  pathology,  one 
on  urine  examination,  one  on  chemistry,  one  on  bacteriology.  This  short  time  is  barely  suffi- 
cient to  give  them  the  practice  in  the  routine  of  these  branches  that  is  demanded  by  the 
State  Boards  of  Medical  Examiners,  and  it  is  hoped  that  in  the  near  future  the  time  can 
be  extended.  The  internes  also  rotate  as  assistants  at  autopsies,  and  on  account  of  the  wealth 
of  material  in  this  service,  each  interne  acquires  practical  experience  in  the  performance  of 
from  10  to  16  autopsies.  As  it  is  emphasized  to  the  chiefs  of  the  divisions  that  the  instruction 
of  internes  is  a  definite  part  of  their  duty,  it  is  believed  that  this  service  is  practically  equiva- 
lent to  a  post  graduate  course  on  laboratory  methods  and  will  be  even  more  valuable  to 
the  interne  if  the  time  could  be  prolonged.  Including  technicians,  cleaners,  and  morgue  offi- 
cers, the  total  staff  numbers  49,  of  whom  11  are  unpaid,  and  many  on  part  time,  averaging 
from  3  to  5  hours  daily. 

The  spacious  quarters  provided  in  the  new  laboratory  will  eventually  not  only  give 
adequate  space  for  the  proper  performance  of  the  work  indicated  in  the  above  outline,  but 
also  numerous  research  rooms  to  which  it  is  hoped  that  graduate  students  or  exchange 
workers  from  this  or  other  cities  will  be  attracted.  The  ample  facilities  which  we  hope 
soon  to  have  installed,  and  the  great  mass  of  material  afforded  by  the  wards  of  the  hos- 
pital, as  well  as  the  rapidly  growing  museum  and  library,  shoulld  afford  many  attractions  to 
those  desirous  of  undertaking  the  highest  type  of  pathological  study. 


THE  DEVELOPMENT  AND  USE  OF  INSTRUMENTS  OF  PRECISION  IN  THE 
DIAGNOSIS  AND  TREATMENT  OF  HEART  DISEASE 

DR.  THOMAS  M.   McMILLAN,  In  Chari*.  Cardiac  Clinic  and  Elactrocardiocraphar, 
Philadalphia  Canaral  Hoapital 

Heart  disease  lias  always  ranked  high  as  a  cause  of  death.  To-day  it 
stands  as  the  chief  cause.  Yet  there  is  probably  no  other  common  disease  or 
group  of  diseases,  unless  it  be  cancer,  whose  cause  and  mode  of  action  has  been 
less  clearly  understood  or  whose  treatment  has  been  so  largely  based  on 
empiricism  as  had  heart  disease. 

The  revision  of  many  of  our  ideas,  and  the  advance  in  our  knowledge  of 
these  conditions  is  quite  recent  medical  history.    Perhaps  most  of  the  recent  ad- 
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vances  in  our  knowledge  of  heart  disease  have  been  brought  about  by  the  develop- 
ment and  scientific  use  of  instruments  of  precision.  This  development  can  only 
be  considered  here  in  a  few  of  its  phases. 

The  development  of  instruments  of  precision  for  the  study  of  the  heart 
may  be  said  to  have  begun,  in  the  modem  sense  at  least,  when  MacKcnzie 
undertook  the  study  of  the  various  fornos  of  cardiac  irregularity,  conditions 
that  had  been  responsible  for  many  fanciful  theories  and  explanations. 


As  a  result  of  his  observations  it  occurred  to  him  to  make  use  of  the  arterial 
and  venous  pulsations.  To  record  and  study  these,  MacKenzie  devised  th« 
instrument  known  to  us  to-day  as  the  polygraph.  Undertaking  a  previously 
baffling  problem,  and  with  only  crude  insiruments  of  his  own  development,  Mac- 
Kcnzie  worked  out  an  explanation  of  the  mechanism  of  most  of  the  forms  of 
cardiac  irregularity.  In  some  cases,  his  original  explanations  were  improved  on 
by  himself  and  others,  yet  his  theories  were  in  a  large  part  correct;  and  his 
work  stands  to-day  as  one  of  the  monumental  medical  achievements  of  recent 
times. 

While  MacKenzie  brought  to  this  problem  admirable  judgment  and  reason, 
yet  it  is  fair  to  say  that  the  development  of  the  polygraph  made  possible  his 
great  findings. 
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The  development  of  the  electrocardiograph  soon  followed.  Certain  electrical 
changes  that  occurred  in  active  muscle  were  already  known.  The  principle  of 
the  string  galvanometer  likewise  was  known.  It  remained  for  Einthoven,  the 
Dutch  physiologist,  to  apply  the  string  galvanometer  for  registering  the 
electrical  changes  that  occurred  in  the  active  heart  muscle.  With  the  advent  of 
this  instrument  a  new  chapter  in  the  study  of  the  physiology  and  pathology  of 
the  heart  began. 

Sir  James  MacKenzie  was  quick  to  see  the  possibilities  that  this  instrument 
offere<l  and  early  advised  Lewis,  an  associate  of  his  at  that  time,  to  take  up 


this  instrument  and  apply  it  to  the  study  of  the  heart.  This  Lewis  did,  and  it 
is  he  more  than  any  other  who  has  best  used  the  unlimited  possibilities  of  this 
instrument  for  the  study  of  the  heart  in  its  normal  and  abnormal  manifestations. 

Not  only  has  much  been  learned  concerning  the  heart's  action  in  its  dis- 
corded arrhythmic  states,  but  much  has  also  been  discovered  concerning  the 
physiology  of  the  normal  mechanism  of  the  heart.  Many  of  the  primary  and 
fundamental  principles  of  cardiac  action  still  remain  questions.  Even  the  cause 
of  the  heart  beat  is  still  a  complex  chemico-physical  reaction  about  which  we 
know  little.  The  galvanometer  and  the  study  of  the  various  electrical  changes 
occurring  in  the  heart  is  the  method  that  holds  out  to  us  the  greatest  possibilities 
for  the  complete  explanation  of  the  mechanism  of  the  heart's  action.  One  of  the 
most  useful  fields  for  the  application  of  the  galvanometric  method  lies  in  the 
study  of  the  action  of  drugs  on  the  various  form.s  of  cardiac  function.  Never 
before  have  we  possessed  so  accurate  and  so  delicate  a  method  for  the  study  of 
drug  action  on  the  heart.  It  is  only  just  recently  that  we  have  come  to  have  any 
accurate  knowledge  of  the  true  effects  on  cardiac  function  of  so  universally  used 
a  drug  as  digitalis. 

It  is  indeed  an  advance  to  see  what  might  be  called  the  synthetic  principle 
applied  in  the  field  of  cardiac  therapy.  To  see  the  deliberate  effort  made  to 
devise  certain  drugs  or  alter  others  in  order  to  bring  about  certain  desired  effects, 
yet  this  is  exactly  what  can  be  and  is  being  attempted  with  the  galvanometer  to 
aid  in  determining  minute  and  delicate  responses. 

The  possibilities  that  the  electrical  method  offers  in  the  study  of  the 
physiology  and  pharmacology  of  the  heart  are  limitless.  However,  not  only  is 
this  instrument  of  great  importance  in  research,  but  the  greatest  interest,  per- 
haps, centers  in  the  aid  this  method  offers  for  the  clinical  diagnosis  and  treat- 
ment of  heart  disease. 

As  a  practical  adjunct  to  the  clinician  in  the  diagnosis  and  treatment  of 
heart  disease,  it  stands  to-day  as  the  instrument  of  precision  that  gives  us  the 
most  minute  and  important  findings.  It  has  in  no  sense  superseded  clinical 
acumen.  The  interpretation  and  estimation  of  the  cardiac  state  requires  perhaps 
as  much  judgment  and  experience  on  the  part  of  the  physician  as  was  required 
before  the  discovery  of  the  galvanometer.  It  should  be  recalled  that  the 
diagnostic  value  of  the  galvanometer  is  distinctly  limited.  There  are  certain  forms 
of  heart  disease  in  which  the  electrocardiographer  yields  no  abnormal  findings. 
A  heart  may  be  the  seat  of  severe  valvular  disease  and  yet  normal  tracings  may 
result.  Persons  may  be  dying  with  angina  pectoris  and  no  abnormality  may  be 
found  in  the  graphic  record.  The  diagnostic  use  of  this  instrument  is  hmited  in 
a  large  sense  to  that  group  of  cardiac  affections  in  which  the  electrical  waves 
either  pursue  abnormal  courses  or  have  abnormal  time  relations.  In  other  words, 
the  arrhythmias  and  certain  forms  of  myocarditis. 

This  group,  however,  is  so  large  and  so  important,  and  the  findings  obtained 
by  this  graphic  method  are  so  clear,  that  this  examination  should  form  a  part 
of  the  routine  study  of  all  cardiac  cases.  In  many  instances  it  gives  us  invaluable 
findings  that  are  absolutely  unobtainable  in  any  other  way.    It  will  elucidate 
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many  unusual  forms  of  cardiac  action  that  no  other  method  of  study  will  clarify. 
In  spite  of  its  limitations  the  recognized  value  of  the  electrocardiograph  is  so 
great  that  it  now  forms  part  of  the  equipment  of  every  well-ordered  hospital, 
and  its  graphic  record  forms  a  part  of  the  routine  study  of  all  cases  of  heart 
disease. 

Valuable  as  the  findings  of  the  galvanometer  are,  it  has  not  superseded 
MacKenzie's  polygraph.  This  useful  little  instrument  has  its  place  not  only  at 
the  bedside,  but  in  the  laboratory  as  well.  It  is  probable  that  from  the  point 
of  view  of  diagnosis  alone,  the  polygraph  and  electrocardiograph  have  reached 
the  height  of  their  development.  It  is  doubtful  if  many  new  forms  of  cardiac 
arrhythmia  will  be  found. 

The  field  of  advance  that  these  instruments  point  to  are  the  discovery  and 
explanation  of  the  various  mechanisms  and  causes  of  the  normal  and  abnormal 
types  of  cardiac  action;  the  explanation  of  drug  effects,  and  perhaps  the  develop- 
ment and  discover>-  of  new  and  more  potent  forms  of  cardiac  therapy.  In  this 
field  we  may  look  with  confidence  for  great  advances. 
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THE  PROGRESS  OF  SCIENTIFIC  RESEARCH  IN  THE  STUDY  AND 
RELIEF  OF  HEART  DISEASE 

DR.  EDWARD  B.  KRUMBHAAR,  Director  of  Laboratorlm. 
PhiUdalphia  C«n«ral  Hoipltal 

On  the  part  of  the  lay  public  and  of  the  medical  practitioner  who  works 
twenty-four  hours  a  day  over  the  care  of  sick  persons  committed  to  his  charge, 
there  is  naturally  a  not  infrequent  speculation  as  to  the  practical  value  of  scien- 
tific investigation  in  medical  affairs.  Frequently  the  information  sought  after 
has  little  or  no  obvious  connection  with  healing  the  sick,  and  when  the  further 
proposition  is  made  that  research  should  be  encouraged  even  when  the  aim  is 
admittedly  without  practical  benefit,  then  lack  of  sympathy  and  understanding 
is  even  more  to  be  expected;  the  latter  position,  however,  is  a  perfectly  proper 
one  and  to  be  encouraged  by  all  means,  as  has  been  frequently  shown  in  many 
branches  of  science,  when  the  most  important  and  far-reaching  benefits  have 
sprung  from  the  most  unlikely  theoretical  discoveries.  The  need  for  scientific 
research  is  each  year  becoming  more  widely  recognized  both  in  this  country  and 
abroad,  and  it  is  gratifying  to  feel,  if  one  can  judge  by  the  number  and  amount 
of  donations  towards  this  end,  that  nowhere  is  this  recognition  more  complete 
than  in  the  United  States.  For  instance,  in  our  own  City  the  recent  appropria- 
tion by  the  City  Council  of  two  (2)  grams  of  radium  for  the  study  and  treat- 
ment of  cancer  was  a  step  in  the  right  direction,  of  which  citizens  of  Philadel- 
phia should  be  most  proud. 

Our  knowledge  of  heart  di.seasc,  like  most  other  important  branches  of 
medicine,  has  been  greatly  extended  in  the  present  century  and  even  in  the  last 
decade  by  the  successful  results  of  scientific  research.  The  most  important 
chapter,  that  of  the  contributions  of  the  polygraph,  electrocardiograph, 
spiiygmomanometer  and  other  instruments  of  precision,  is  described  in  Dr.  Mc- 
Millan's article  in  this  Bulletin.  Suffice  it  here  to  say  that  this  line  of  ap- 
proach is  still  far  from  exhausted,  and  in  the  next  decade  may  produce  facts  of 
even  greater  practical  importance  than  in  the  past.  The  names  of  Gaskell,  A. 
D.  Waller,  Wenckebach,  Sir  James  Mackenzie,  and  Sir  Thomas  Lewis,  the 
pioneers  in  this  latest  phase  of  cardiac  study,  will  always  stand  high  in  the 
annals  of  cardiology. 

In  the  last  quarter  century  our  knowledge  of  cardiac  anatomy  (one  of  the 
oldest  branches  of  medical  science)  has,  strange  to  relate,  been  verj'  materially 
enlarged.  In  anatomy,  more  than  in  any  other  branch  of  medicine,  it  was  felt 
that  the  important  discoveries  had  been  completed  many  years  ago,  and  these 
recent  additions  arc  important  examples  of  the  ever-present  need  for  research 
in  medicine  as  in  other  sciences.  The  exact  anatomical  site  at  which  the  impulse 
of  the  heart  beat  normally  begins  was  discovered  by  Keith  in  1906,  and  the 
special  muscle  bundle  that  conducts  the  impulse  from  the  auricle  to  the  ventricle 
was  first  described  by  His  in  1893  and  rediscovered  and  first  utilized  in  1904. 
A  few  years  later,  Tawara  discovered  the  muscle  network  that  bears  his  name 
and  the  terminals  which  join  this  special  conducting  system  to  the  ordinar>' 
heart  muscle.    Without  this  anatomical  knowledge,  the  subsequent  physiological 
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studies  which  have  elicited  so  many  various  important  new  facts  about  the 
functioning  of  the  heart  would  have  been  utterly  impossible;  and  without  these 
in  turn,  the  important  practical  applications  to  the  diagnosis,  prognosis  and 
treatment  of  heart  disease  would  have  been  equally  impossible. 

By  these  means  the  whole  field  of  irregular  heart  action  has  been  mapped 
out  within  the  past  few  years,  so  that  instead  of  being  content  with  the  state- 
ment— almost  universal  a  generation  ago — that  the  pulse  is  irregular,  we  now 
can  and  should  accurately  determine  which  of  six  or  eight  forms  of  irregularity 
is  present.  Having  learned  that  these  different  types  of  irregularity  come  from 
widely  different  causes,  vary  greatly  in  their  gravity,  and  respond  to  different 
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forms  of  treatment  (sometimes  diametrically  opposed) ,  we  are  now  able,  thanks 
to  the  successful  research  along  anatomical,  physiological  and  pathological,  as 
well  as  clinical  lines  of  ten  or  twenty  years  ago,  to  care  properly  for  this  large 
and  important  group  of  cases. 

From  the  middle  of  the  Nineteenth  Century,  when  important  discoveries  in 
pathologj'  (i.  e.,  the  changes  produced  in  tissues  as  the  result  of  di-sease)  were 
being  made  in  the  heart,  great  importance  has  been  placed  on  the  recognition  of 
these  changes  during  the  life  of  the  patient  by  the  various  means  of  physical 
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diagnosis.  It  remained  for  the  scientific  clinical  investigators  of  the  present 
century,  however,  to  show  that,  important  as  the  recognition  of  these  changes 
may  l)c,  the  functional  capacity  of  tlie  heart  (i.  e.,  the  working  power  of  tlie  heart 
muscle)  is  of  even  greater  and  paramount  importance  to  tlie  patients. 

This  conception  was  evolved  and  is  still  being  imprcs.«cd  upon  the  medical 
public  to-day  by  students  of  the  heart  as  observed  in  animal  experimentation 
and  at  the  bedside.  It  is  important  to  recognize  that  these  two  methods  of  ap- 
proach go  hand  in  hand,  as  indeed  they  have  in  cardiologj'  since  Harvey's  dis- 
covery in  the  Seventeenth  Century  of  the  circulation  of  the  blood,  and  that  both 
are  equally  important  to  progress.  New  methods  and  new  drugs  must  necessarily 
first  be  tried  on  animals  before  they  can  be  used  on  man,  and  many  valuable 
additions  to  our  knowledge  of  heart  disease  would  never  have  been  acquired 
unless  they  could  have  been  previously  observed  and  tested  on  anesthetized 
animals.  A  recent  example  of  an  advance  of  this  kind  in  the  domain  of  pharma- 
cology is  the  drug  digitalis,  which  has  been  known  as  an  important,  if  not  the 
most  important,  heart  remedy  for  over  a  centurj-.  It  has  only  been  within  a 
few  years,  however,  that  the  observation  of  its  action  on  man  and  other  mammals 
by  instruments  of  precision  (especially  the  electrocardiograph)  has  allowed  a 
correct  idea  of  how  it  works  and,  therefore,  its  more  accurate  and  valuable  use 
in  heart  disease.  By  means  of  the  same  instrument,  the  exact  moment  can  be 
ascertained  when  the  patient  has  had  a  sufficient  amount  of  the  drug,  instead  of 
waiting  as  previously  for  the  later  disagreeable  clinical  signs,  such  as  nausea 
and  vomiting.  It  might  be  thought  by  some  that  advances  in  knowledge  coming 
from  the  bedside  study  of  patients  should  not  be  included  in  the  domain  of 
scientific  research,  but  nothing  can  be  more  fallacious.  It  cannot  be  too  often 
emphasized  that  this  correlation  of  bedside  observations,  if  made  with  the  proper 
care  and  accuracy,  are  as  truly  scientific  investigations  as  are  those  of  the  erudite 
laV)oratory  enthusiast  working  with  the  most  elaborate  apparatus  and  technique. 

In  the  same  way  the  various  associations  for  the  prevention  and  relief  of 
heart  disease^  that  have  so  recently  been  founded  in  Philadelphia  and  several 
other  of  our  larger  cities,  should  contribute  materially  not  only  to  the  actual 
relief  of  individuals  but  also  to  the  knowledge  of  the  underlying  causes  and 
factors  of  spread  of  heart  disease,  after  which  the  practical  application  of  the 
results  of  research  by  the  removal  or  abatement  of  such  causes  should  be  a  simple 
matter.  The  scientific  collection  of  data  by  these  associations,  followed  by  its 
proper  interpretation  and  the  logical  deductions  therefrom,  may  easily  prove  to 
be  the  most  important  function  that  they  will  perform. 

It  can  readily  be  seen  that  a  detailed  consideration  of  the  progress  of 
scientific  cardiac  research  when  such  broad  limits  are  assigned  would  be  prac- 
tically endless.  If  a  few  suggestive  achievements  and  possibilities  have  been  indi- 
cated, my  present  purpose  will  have  been  attained. 
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R?:TICUL0SIS— INCREASED   PERCENTAGE   OP   RETICULATED 
ERYTHROCYTES  IN  THE  PERirilERAL  BLOOD* 


By  Edward  B.  Krumbhaar,  M.D.,  Ph.D.,  1*iiii,adkli-hia,  Pa. 


THE  presence  of  reticulated  or  "skeined"  erythrocytes  (hematics  granii- 
leuses)  in  the  peripheral  blood  (as  demonstrated  by  vital  staining)  has 
excited  interest  for  many  years,  and  in  the  last  decade  has  assumed  clinical 
importance  as  an  index  of  the  activity  of  blood  formation.  I  would  suggest 
as  a  matter  of  convenience  that  when  the  normal  percentage  of  these  cells 
in  the  peripheral  blood  is  exceeded,  the  condition  be  designated  "reticulosis," 
to  replace  some  such  expression  as  "an  increase  in  the  number  of  reticulated 
cells,"  as  is  now  the  custom.  The  word  "reticulocyte"  might  similarly  be 
substituted  for  "reticulated  erythrocytes,"  but  the  term  "reticulocytosis" 
(though  perhaps  more  accurate  etymologically)  seems  to  me  less  desirable 
than  the  shorter  and  more  convenient  term. 

In  this  paper  I  propose  to  consider  the  cytological  status  of  these  cells, 
and  offer  a  few  experimental  and  clinical  facts  pertaining  thereto.  Though 
now  always  studied  by  some  form  of  so-called  vital  staining,  they  were  al- 
most surely  first  observed  by  Ehrlich*  in  1881,  in  air  dried  blood  smears 
stained  with  a  saturated  aqueous  solution  of  methylene  blue.  To  his  credit 
it  should  be  noted  that  at  that  time  he  considered  them  as  not  regressive. 
In  using  his  method  with  preparations  very  freshly  .spread,  I  have  seen  the 
very  fine  network  that  he  describes,  but  it  is  far  less  satisfactory  than  the 
use  of  vital  staining. 

Ehrlich's  rather  cursory  observations  were  not  followed  up,  although 
Pappenheim  was  working  on  the  problem  in  the  nineties.!  With  the  begin- 
ning of  the  new  century,  however,  hematological  literature  produced  many 
observations  and  discussions  on  the  nature  of  the  various  basophilic  sub- 
stances that  are  to  be  found  in  erythrocytes.  The  consensus  of  opinion  re- 
sulting from  these  studies  (though  it  must  be  admitted  that  but  little  con- 
clusive proof  has  been  brought  forward)  is  that  the  reticulation  indicates  a 
protoplasmic  substance  (subftantia  granulo-filamentosa)  and  not  a  nuclear 
remnant,  (being  found  well  developed  in  nucleated  erythrocytes  and  staining 
inetaehromatically  with  some  nuclear  stains)  and  that  it  indicates  a  young 
blood  cell  and  not  an  old  or  degenerated  cell.  The  reasons  for  the  latter 
belief  are  that  reticulocytes  are  found  in  great  numbers  in  young  infants 
and  are  rarer  in  adults,  also  that  they  are  increased  in  those  diseases  in  which 
there  is  an  extra  demand  and  an  unimpaired  source  of  supply  (as  in  hemolytic 
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jaundice),  and  diminished  or  absent  where  the  demand  is  lessened  (as  after 
transfusions)  or  if  the  bone  marrow  function  is  damaged  (as  in  aplastic 
anemia).  Stainability  of  the  reticulum  in  many  instances  parallels  poly- 
chromatophilia  with  the  Romanowsky  method.  Enumeration  of  the  poly- 
chromatophilic  cells,  however,  cannot  replace  the  reticulocyte  count  after 
vital  staining,  as  the  sharp  distinction  in  the  latter  method  does  not  exist  in  the 
former;  also  the  former  is  not  as  delicate  a  method,  so  that  very  slight  reticu- 
lations would  be  lost,  and  the  count  therefore  always  lower.  That  the  two 
are  not  necessarily  identical  is  shown  by  the  fact  that  many  polychromato- 
philic  blasts  do  not  contain  reticulum,  and  that  in  combined  .staining,  the 
two  are  not  constantly  associated. 

The  basophilic  granules  or  "stippling,"  such  as  are  found  in  lead  poisoning, 
are  usually  considered  to  be  of  a  different  nature  and  probably  indicate  an 
abnormal  or  degenerated  cell.  The  various  nuclear  remnants  (Howell-Jolly 
bodies,  etc.)  belong,  of  course,  to  a  different  category.  The  very  widespread 
distribution  of  mitochondria  in  the  protoplasm  of  animal  cells,  together  with 
certain  similarities  in  behavior,  has  led  to  the  assumption  that  the  vital 
staining  reticulum  was  the  mitochondria  of  the  young  erythrocyte.  Until 
this  has  been  definitely  proved,  however,  it  would  seem  wiser  not  to  con- 
found the  two  terms,  as  is  occasionally  done;  furthermore,  Key^  has  recently 
acquired  important  evidence  tending  to  show  that  the  two  substances  are 
not  identical.  He  calls  attention  to  the  fact  that  the  reticulum  differs  from 
mitochondria,  not  only  in  morphology  and  various  staining  reactions,  but  also 
in  its  persistence  after  shedding,  its  resistance  to  heat  and  to  solution  by 
water,  acetic  and  other  acids,  and  alcohol,  ether  and  chloroform. 

METHODS 

As  the  reticulum  can  be  demonstrated  in  the  erythrocyte  by  any  method 
that  introduces  freshly  drawn  blood  cells  to  any  of  the  vital  stains,  and 
displays  them  suitably  under  the  microscope,^  it  is  obvious  that  many  differ- 
ent procedures  M-ill  be  advocated.  Having  been  interested  in  these  cells 
for  a  number  of  years,  and  tried  various  methods,  we  have  found  the  fol- 
lowing to  be  the  simplest  and  most  satisfactory  for  clinical  use.  A  stock 
0.3  per  cent  solution  of  Brilliant  Cresyl  Blue  (Grubler)  in  normal  salt  solu- 
tion, is  prepared  in  quantity  sufficient  to  last  several  months,  filtered  and 
kept  in  the  ice  box  to  inhibit  molds.  (Saturated  aqueous  solutions  have  also 
been  used).  Before  using,  it  is  diluted  with  four  (4)  parts  of  a  2  per  cent 
sodium  oxalate  solution  in  normal  salt  solution  to  one  (1)  of  the  stock  stain 
and  in  this  strength  is  useful  for  several  days.  (If  Grubler's  stain  is  not 
available,  a  1:2000  aqueous  solution  of  Janus  Green  is  recommended  as  a 
stock  solution,  and  similarly  diluted  before  using.  I  have  not  yet  found  an 
American-made  Brilliant  Cresyl  Blue  that  is  satisfactory,  though  no 
doubt  such  a  one  will  soon  be  available.)  From  a  free  flowing  cut, 
a  drop  of  blood  is  sucked  into  a  pipette  and  quickly  diluted  about 
1:10  with  the  stain  (for  this  purpose  a  leucocyte  pipette  is  convenient, 
taking  double  the  amount  of  blood  customary  for  a  leucocyte  count).  After 
standing  10  to  15  minutes,  this  is  well  shaken  and  a  wet  coverslip  prepara- 


tion  made  from  the  contents,  ringed  witli  vaseline  (to  prevent  drying  and 
troublesome  convection  currents),  and  examined  with  the  oil  immersion 
lens.  (Though  for  the  most  part  easily  visible  in  lower  magnifications,  some 
of  the  scantier  reticula  would  inevitably  be  overlooked,  unless  the  oil  immer- 
sion is  used.)  This  gives  about  150  to  200  cells  to  a  field,  which  can  be 
reduced  if  desired  by  inserting  a  paper  with  a  rectangular  slit  in  the  ocular. 
If  reticulocytes  are  found  to  be  frequent  in  the  preliminary  survey,  the  per- 
centage is  obtained  by  counting  the  number  found  in  500 — or  better  1000 — 
erythrocytes,  viewed  in  at  least  four  different  sections  of  the  preparation. 
If  rare — less  than  1  per  cent — truer  results  will  be  obtained  if  many  more 
cells  are  examined,  10,000  or  more.  With  good  preparations,  this  can  be 
done  with  reasonable  accuracy  by  estimating  the  average  number  of  cells 
per  field,  and  counting  the  number  of  reticulocytes  per  field,  until  the  req- 
uisite number  has  been  examined.  Especial  care  should  be  taken  to  prevent 
crenation,  which  makes  the  recognition  of  the  reticulum  more  difficult  and 
perhaps  inhibits  the  entrance  of  the  dye  into  the  cell.  If  a  permanent  prep- 
aration is  desired,  more  of  the  mixture  can  be  spread  on  a  slide,  counter- 
stained  with  a  Romanowski  stain,  and  mounted  in  the  usual  manner. 

The  above  method  seems  to  have  some  advantages  over  that  of  Vogel,* 
which  has  been  advocated  in  some  text  books.  It  is  not  only  simpler,  but 
ensures  a  more  representative  sample.  As  the  reticulocytes  are  said  to  have 
a  different  specific  gravity  from  the  normocytes,  any  method  involving  sed- 
imentation would  tend  to  introduce  an  error  on  this  account. 

A  still  simpler  technic  for  clinical  use  employs  a  dry  method  with  cover- 
slips  previously  prepared  with  a  dried  film  of  the  vital  .stain.'  I  have  not 
found,  however,  that  as  high  counts  are  obtained  by  this  as  by  the  wet 
method.  In  the  haste  necessary  for  making  an  even  spread,  it  is  possible 
that  all  the  reticulocytes,  niul  especially  those  with  a  very  slight  reticulum, 
are  not  properly  stained. 

The  appearance  of  reticulocytes  with  Brilliant  Cresyl  Blue  has  already 
been  so  well  described  that  it  can  be  dismissed  here  with  a  reference  to  the 
accompanying  sketch  assembled  from  a  slide  prepared  in  the  manner  above 
described  (Pig.  1).  Attention  should  be  drawn,  however,  to  Key's  observa- 
tion that  the  form  of  the  reticulum  may  vary  greatly  with  the  stain  and 
method  used,  so  that  the  familiar  forms  probably  do  not  picture  the  structure 
as  it  occurs  in  the  unaltered  cell,  where  it  probably  exists  as  a  diffuse  sub- 
stance. We  have  also  noted  that  the  reticulocytes  tend  to  be  larger  than  the 
normocytes,  and  if  the  .slide  is  allowed  to  stand,  more  of  them  become  shadow 
cells  than  do  the  normocytes.  This  would  appear  to  be  contrary  to  the  usual 
opinion  that  the  younger  reticulocytes  are  more  resistant  than  the  adult  cells 
to  changes  in  tonicity  of  the  containing  fluid.  We  have  also  observed  that, 
even  in  preparations  that  are  not  overstainod,  some  of  the  normocytes  assume 
a  greyish  green  appearance,  much  darker  than  the  rest.  Whether  this  indi- 
cates a  significant  tinctorial  difference  in  these  cells,  or  whether  it  is  an 
artefact  due  to  some  other  factor,  such  as  difference  in  osmotic  pressure,  we 


are  not  in  a  position  to  decide.     Metachromatic  granules  (staining  red  by 
this  method)  can  occasionally  be  found. 

EXPERIMENTAL  RETICULOSIS   IN    ARTIFICIAL  PLETHORA 

An  opportunity  was  offered  to  study  the  percentage  of  reticulocytes  in 
dog's  blood  during  the  production  of  experimental  plethora  by  means  of 
daily  transfusions  from  dog  donors  over  periods  of  several  months."  This  is 
similar  to  but  more  prolonged  than  Robertson's'  experiments  with  rabbits 
and  has  afforded  somewhat  similar  results. 

In  four  dogs  studied  in  this  manner,  the  reticulocytes  either  vanished 
entirely  or  diminished  to  such  a  point  (considerably  less  than  0.1  per  cent) 
that  the  possibility  must  be  considered  that  those  found  had  been  introduced 
with  the  slightly  anemic  donor's  blood.  The  curve  of  one  of  these  dogs  is 
shown  in  Table  I.    The  temporary  rise  in  the  reticulocyte  count  immediately 
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Fig.  I. — Sketch  of  selected  blood  cells,  vitally  stained  with  Brilliant  Cresyl  Blue;  I,  normocytes 
one  pale,  two  others  crenated;  2,  reticulocytes,  showing  granulofilamentous  substance,  appearing  as  a 
small  or  heavy  network,  or  wreath;  .^,  normoblast  containing  a  reticulum;  .;,  polymorphonuclear  leucocyte, 
with  highly  refractile  granules.  5,  lymphocyte  with  homogeneous  nucleus  and  "glassy"  protoplasm;  6, 
blood  platelets. 

after  transfusions  were  begun  was  found  in  another  dog,  and  considered  by 
us  as  probably  due  to  bone  marrow  irritation. 

A  further  record  of  the  value  of  reticulocytes  as  an  index  of  blood  regen- 
eration is  shown  in  Table  II,  where  dog  20-6,  for  reasons  that  we  were  unable 
to  ascertain,  developed  a  rapid  and  extreme  hemolytic  anemia  six  weeks  after 
daily  transfusions  of  100  c.c.  of  whole  blood  had  begun.  Though  the  trans- 
fusions were  continued  without  interruption,  the  hemoglobin  count  fell  from 
133  per  cent  (Newcomer)  to  13  per  cent  in  twenty-three  days,  and  the 
erythrocyte  count  from  10,000,000  to  650,000  per  cu.mm.  After  ten 
days,  when  the  hemoglobin  had  reached  50  per  cent,  the  reticulocytes  began 
to  increase  and  normoblasts  and  megaloblasts  appeared  in  the  peripheral 
circulation.  The  number  of  these  fluctuated  inversely  with  the  hemoglobin 
count — the  reticulocyte  count  being  the  more  delicate  and  the  more  consist- 
ent— until  after  transfusions  had  been  stopped,  the  reticulocyte  percentage 


arose  to  the  extremely  high  level  of  81  per  eent.  With  the  gradual  recovery 
from  anemia,  the  rotirulocyfe  eoiiiit  fell  atjaiii  until  after  four  (4)  months 
hotli  curves  had  reached  almost  norninl  levels. 

The  only  instance  that  1  am  aware  of,  in  which  sudi  levels  have  been  sur- 
j)assed,  is  in  Sappington's"  rabbits  made  anemic  with  plienylhydraziiie,  where 
a  reticulosis  of  more  than  80  per  cent  was  found  in  several  instances  and  of 
91  per  cent  in  one  instance,  disai)))earing  in  ten  days  with  return  of  the 
hemoglobin  count  to  normal. 

In  dog  20-9  (Table  I)  a  less  severe  anemia  was  present  from  the  eighth 
to  eleventh  week,  and  during  this  period  a  mild  reticulosis  developed.  It  is 
to  be  expected  that  the  degree  of  anemia  at  which  the  bone  marrow  will  be 
sufficiently  pushed  to  put  forth  an  increased  number  of  the  relatively  imma- 
ture reticulocytes  will  vary  considerably  in  different  individuals  and  condi- 
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TaMr   I  —  KflFect  of  daily   r-:-n'--.i 


on  hemoglobin  and  reticulocyte  count.      Dog.  20-9. 


tions.  Willi  the  continuance  of  transfusions  the  anemia  in  this  dog  was  re- 
placed by  plethora  and  again  the  reticulocytes  disappeared  from  the 
circulation. 

NORMAL  STANDARDS   IN   MAN   AND   LABORATORY   ANIMALS 

As  I  have  not  been  able  to  find  any  statement  of  the  normal  reticulocyte 
picture  in  the  common  laboratory  animals.  Table  III  has  been  prepared  to 
show  the  averages  and  normal  ranges  in  normal  animals  living  under  custom- 
ary laboratory  conditions.  It  will  be  noted  that,  especially  in  rabbits,  guinea 
pigs  and  mice,  the  individual  variation  is  considerable,  and  it  is  quite  possible 
that  other  individuals  of  a  different  strain  and  living  under  different  condi- 
tions, would  show  still  further  variations.  Lee  and  Minot'  have  placed  the 
average  for  man  at  0.8  per  cent,  and  in  Wood's  Chemical  and  Microscopic 
Diagnosis  and  Emerson's  Clinical  Diatjnmis  (oth  edition)  even  higher  figures 
are  given.  This  is  di.stinctly  higher  than  I  have  found  in  normal  adult.s,  (0.3 
per  cent)  but  in  view  of  the  individual  variations,  the  matter  is  sufficiently 
covpied  for  practical  purposes,  if  initial  counts  are  considered  abnormal  only 


if  over  1  per  cent  or  less  than  0.1  per  cent.  Qualitatively  it  may  be  said  that 
on  the  whole  the  reticulum  tends  to  be  large  and  heavy  in  the  species  that 
show  the  higher  percentages.  In  the  monkey  it  is  especially  delicate  and 
feathery,  while  the  human  reticulocyte  stands  midway  in  these  particulars, 
between  those  of  the  dog  and  cat,  and  those  of  the  smaller  animals. 

EETICULOSIS  IN  INFANCY   AND  DISEASE 

The  average  reticulocyte  count  for  the  normal  human  adult  has  been  dis- 
cussed in  the  previous  paragraph.    Statements  as  to  the  normal  averages  for 
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Table   II. — Effect   of   daily   repeated   transfusions  on   hemoglobin   and    reticulocyte   count,   with   supervention 

of   anemia.      Dog    20-6. 

Table  in 
Percentage  op  Reticulated  Erythrocytes  in  Various  Animals 


SPECIES 


average 


NORMAL   RANGE 


Man 

Monkey 

Dog 

Cat 

Guinea  pig 

Babbit 

Mouse 


0.3% 
0.3% 
0.6% 
0.2% 
3.0% 
2.0% 
4.0% 


0.1—0.8% 
0  —0.8% 
0.1—1.4% 

0  —0.4% 
1.0—4.0% 
0.6—2.8% 

1  —6.0% 


infants,  if  given  at  all  in  text  books  of  clinical  pathology,  are  sufficiently  at 
variance  with  the  facts  as  I  have  found  them  easily  to  give  rise  to  errors  in 
diagnosis  or  prognosis.  Thus  it  is  usually  stated  that  the  average  for  normal 
infants  is  from  5  to  10  per  cent,  and  even  20  per  cent  has  not  been  considered 
abnormal.  As  will  be  seen  in  Table  IV,  I  have  not  found  any  to  exceed 
5  per  cent,  or  after  the  first  twenty-four  (24)  hours  to  exceed  3  per  cent. 
By  the  end  of  the  first  week,  practically  normal  levels  are  reached,  so  that 
with  these  exceptions,  the  normal  infant's  reticulocyte  picture  is  the  same  as 
that  of  adults.  This  roughly  parallels  the  hemoglobin  and  erythrocyte  curve 
for  the  same  period.  Cathala  and  Daunay,"  the  only  others  who  appear  to 
have  studied  the  reticulocytes  in  early  infancy,  also  found  an  increased  num- 


ber  at  birth,  which  reached  normal  levels  before  the  end  of  the  first  week. 
In  eight  infants  they  found  from  11,000  to  360,000  reticulocytes  per  cu.mm. 
at  birth;  25,000  to  155,000  the  first  day;  5,000  to  60,000  the  second  day; 
"very  rare"  by  the  seventh  day;  and  (with  the  exception  of  one  icteric) 
"very  rare"  by  the  seventh  day.  Allowing  for  the  transient  erythrocytosis 
that  occurs  during  the  first  week  of  life,  this  would  give  a  ratio  of  from  2  to 
60  reticulocytes  per  thousand  at  birth,  3  to  20  per  thousand  the  first  day,  1 
to  9  per  thousand  the  second  day;  "rare"  to  3  per  thousand  the  fourth  day  ;  and 
less  than  one  per  thousand  thereafter;  i.e.,  distinctly  lower  figures  than  in  our 
series.  Reticulosis,  on  the  other  luind.  in  common  with  other  hematological 
changes,  develops  more  readily  iiiid  to  a  uricatcr  (lejrrce  in  infaney  after  slight 
stimulus  than  during  adult  life. 
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Table  IV. — Curve  ihowini;  number  of  reticulocytes  per  thousand  Ouring  infancy.     The  solid   line  indicates 
the  prohnMc  average  curve;  the  broken  lines  denote  a  few  characteristic  individual  curves. 


Variaiioiis  in  the  rcticuloeyte  peroenfage  in  disease  naturally  depend  on 
the  intensity  of  the  demand  and  the  capacity  of  the  bone  marrow  to  respond. 
Thus  is  pernicious  anemia,  while  there  is  usually  a  reticulosis  of  from  2  to 
')  ])cr  cent,  diiriiig  "hlood  crises"  or  periods  of  remission,  this  may  rise  to 
10  or  15  per  cent;  while  in  periods  of  regression  these  cells  may  be  completely 
absent.  In  the  two  forms  of  hemolytic  jaundice,  the  reticulosis  is  out  of  all 
proportion  to  the  severity  of  the  anemia,  being  customarily  as  high  as  10  and 
even  20  per  cent.  The  rea.son  for  this  increase,  which  is  of  diagnostic  import, 
has  not  been  determined.  In  secondary  anemias,  the  reticulosis  may  be  said 
to  be  roughly  proportioned  to  the  severity  of  the  anemia,  and  according  to 
Christian,"  it  is  also  present  in  the  purpuras.  In  true  polycythemia  they  are 
also  said  to  be  increased,  which  would  support  the  view  that  there  is  an  in- 
creased demand  for  erythrocytes  in  this  condition.     In  aplastic  anemia  and 


other  forms  of  anemia   due  to   decreased  blood   formation,  these   cells  are 
diminished  (reticulopenia)   or  absent. 

SUMMARY 

1.  Erythrocytes  revealing  a  more  or  less  extensive  reticulum  (granulo- 
filamentous  substance)  by  the  methods  of  vital  staininjj,  may  be  conveniently 
designated  "reticulocytes,"  and  increase  in  their  number  is  termed  "reticu- 
losis." 

2.  The  reticulum  is  probably  of  protoplasmic  ttrigin,  and  indicates  an 
intermediate  stage  between  the  erythroblast  and  the  adult  erythrocyte.  A 
simple  method  for  their  recognition  and  estimation  is  described. 

3.  The  greater  delicacy  of  the  tests  for  these  cells  and  the  greater  con- 
stancy and  delicacy  of  their  variations  in  the  peripheral  blood,  makes  them 
more  valuable  criteria  of  the  functional  activity  of  the  bone  marrow  than  the 
study  of  polychromatophilia  or  nucleated  forms. 

4.  In  the  blood  of  dogs  made  plethoric  by  repeated  transfusions  of  blood, 
the  reticulocytes  diminished  or  disappeared  entirely  during  the  plethoric 
stage.  With  the  occurrence  of  a  hemolytic  anemia,  a  reticulosis  occurred, 
which  in  one  instance  reached  81  per  cent. 

5.  The  average  percentage  of  reticulocytes  and  their  normal  range  in 
man  and  the  common  laboratory  animals  is  given. 

6.  The  average  curve  of  reticulosis  during  infancy  is  given,  and  the  vari- 
ations occurring  in  disease  discussed. 
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LYMPHOID  METAPLASIA  (HYPERPLASIA  ?)  IN  THE 
MAMM/\LIAN  BONE  MARROW  * 

E.  B.  KxniiBHAAK,  M.D.,  Ph.D.,  Assoc.  Prop,  of  Pathology,  U.  of  Pa. 
Graduate  School  of  Medicine 

{From  the  Laboratories  of  the  Philadelphia  General  Hospital.) 

The  existence  in  the  bone  marrow  of  true  lymph  follicles  with 
well  developed  germ  centres,  has  been  previously  described  by 
only  three  observers,  and  I  have  not  been  able  to  find  any  such 
observations  in  the  pathological  records  of  the  three  hospitals 
with  which  I  have  been  associated. 

Attempts  today  to  explain  satisfactorily  their  presence  meet 
with  several  difficulties,  among  which  may  be  mentioned  the 
unsolved  question  as  to  whether  or  not  lymphoid  tissue  nor- 
mally exists  there.  If  with  Askanazy,'  Weidenreich*  and 
others,  one  believes  that  it  does  so  exist,  the  presence  of  an 
unusual  amount  of  lymphoid  tissue  or  even  of  true  lymphoid 
follicles  can  easUy  be  explained  as  hyperplasia.  If  on  the  other 
hand  with  Ehrlich  and  Schridde '  one  adopts  the  more  general 
view  that  no  such  tissue  normally  exists  there,  then  its  presence 
must  be  explained  as  due  either  to  transplantation,  to  growth 
of  embryonal  remains,  or  to  so-called  metaplasia.  A  potent 
argument  against  the  first  of  these  theories  is  that  the  hetero- 
topic follicles  have  always  been  found  only  in  the  one  organ, 

•  Read  before  the  Ass'n.  of  Amer.  Pathologists  and  Bacteriologists,  Washing- 
ton, May  4,  1922.    Recei\-ed  for  publication  April  18,  1933. 
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while  for  our  present  purposes  the  various  considerations  will 
apply  equally  well  to  either  of  the  other  views. 

The  question  of  metaplasia,  like  so  many  other  medical 
problems,  has  been  considerably  confused  by  the  different 
constructions  that  have  been  put  upon  the  meaning  of  this 
term  —  all  the  way  from  the  mere  replacement  of  one  tissue 
by  another,  to  the  actual  changing  of  adult  cells  from  one  type 
to  another  quite  different  tj^e.  The  most  useful  conception 
is,  I  think,  that  expressed  in  Adami  and  McCrae's*  textbook: 
"Metaplasia  is  the  postnatal  production  of  specialized  tissue 
from  cells  which  normally  produce  tissue  of  other  orders  and 
is  an  adaptation  on  the  part  of  cells  to  an  altered  environ- 
ment." Whether  the  metaplasia  occurs  through  an  anaplastic 
process  of  specialized  cells  to  undifferentiated  cells  which  then 
specialize  along  another  line  (Kataplasia)  or  whether  the 
undifferentiated  cells  have  been  preexistent  in  a  dormant 
stage,  is  a  matter  of  less  importance.  It  is  generally  considered 
that  in  the  above  sense,  metaplasia  of  epithelium  from  other 
epiblastic  tissue  and  of  bone  from  other  mesoblastic  tissue  are 
the  commonest  forms,  though  it  also  occurs  in  other  tissues  of 
metoblastic  origin. 

In  the  closely  related  organs  of  the  hemopoietic  system,  one 
might  expect  to  find  such  interchanges,  though  in  this  case  the 
question  of  proper  terminology  is  further  complicated  by  the 
uncertainty  that  exists  as  to  the  single,  dual  or  plural  origin  of 
the  various  blood  cells.  No  matter  what  one's  views  on  this 
point  may  be,  however,  the  principle  might  be  considered  the 
same  and  the  application  merely  one  of  degree.  Myeloid 
metaplasia  of  the  spleen  and  liver  has  been  described  not  in- 
frequently, both  clinically  and  in  various  experimental  pro- 
cedures. Donhauser's  ^  case  of  anemia,  due  to  chronic  bone 
marrow  sclerosis,  affords  a  good  example  of  such  myeloid 
metaplasia  in  the  spleen.  See  also  Domenici,  Arch,  de  med. 
et  d'Anat.  path.,  1901,  xiii,  i;  R.  S.  Morris,  Bull.  Johns  Hopv- 
kins  Hosp.,  1907,  xviii,  200;  R.  Hertz,  Fol.  Hematol.  Archiv, 
1914,  xviii,  219,  and  Zeitschr.  f.  Klin.  Med.,  1910,  Ixxi,  435; 
Tanaka,  Ziegler's  Beitr.,  1912,  liii,  338-  (Literature  in  last 
two). 
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The  presence  of  lymphoid  tissue  in  the  bone  marrow  has 
been  less  frequently  observed,  and  then  usually  in  the  form  of 
small  aggregations  of  lymphocytes  (Dickson)  *.  Domarus  ^ 
has  reported  an  increase  of  lymphoid  elements  in  the  bone 
marrow  following  experimental  anemia,  and  Hedinger  *  in  a 
case  of  status  lymphaticus  associated  with  exophthalmic 
goitre,  found  the  bone  marrow  studded  with  true  lymphoid 
follicles,  closely  resembling  those  found  in  the  present  case. 
Askanazy  '  is  one-hundred  and  twenty-six  (126)  persons  dying 
at  widely  different  ages,  from  miscellaneous  diseases,  found 
lymphoid  tissue  in  the  femoral  bone  marrow  of  forty- three  (43). 
All  of  these  aggregations,  however,  were  less  than  0.6  mm.  in 
size,  were  infiltrated  with  myeloid  cells  and  in  only  one  was  a 
germ  centre  found.  The  difficulty  of  determining  lymphocytes 
under  these  conditions  needs  no  comment.  Oehme '",  on  the 
other  hand,  studying  chiefly  children  that  had  died  from  rick- 
ets, found  lymphoid  nodules  in  the  bone  marrow  of  twelve  (12) 
out  of  twenty-three  (23)  examined,  in  most  of  which  definite 
germ  centres  were  described.  It  is  unfortunate  that  no  illus- 
trations accompany  either  of  these  articles,  as  it  is  notoriously 
difficult,  particularly  in  such  conditions  as  Askanazy  describes, 
to  differentiate  accurately  between  individual  bone  marrow 
cells.  On  the  other  hand,  there  is  no  doubt  but  that  intensive 
studies  such  as  these  on  many  sections  of  bone  marrow  in  a 
given  case  would  throw  more  light  on  the  activities  of  this 
poorly  understood  organ. 

The  present  communication  has  to  do  with  the  finding  of 
numerous  lymphoid  follicles  with  well  marked  germ  centres 
in  a  healthy  monkey,  that  had  been  submitted  two  (2)  years 
previously  to  several  experimental  procedures. 

Protocol.  —  M.  Rhesus  No.  5,  weighing  2.2  kgms.,  one  of  a 
series  in  which  the  effect  of  splenectomy  on  the  hemopoietic 
system  was  being  studied,  had  his  spleen  removed  January, 
1920,  and  also  some  femoral  bone  marrow  for  histological 
examination.  Both  organs  were  later  shown  to  be  normal. 
His  blood  count,  which  had  been  normal  before  splenectomy, 
showed  the  usual  transient  leucocytosis  and  mild  anemia. 
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On  three  occasions  he  was  given  toluylenediamine  or  sodium 
oleate,  which  only  temporarily  affected  his  blood  picture  and 
to  a  mild  degree.  In  March,  1920,  some  abdominal  lymph- 
nodes  were  removed,  as  a  control  operation,  without  any  note- 
worthy change  in  the  animal's  condition.  It  was  noted  after 
this,  however,  that  a  distinct  lymphocytosis  developed  and 
persisted  till  death,  though  whether  it  was  due  to  splenectomy, 
nodectomy,  both  or  neither,  it  is  impossible  to  say. 

In  June,  1920,  on  account  of  the  scarcity  of  material,  he 
was  used  by  Dr.  Weidmann  in  his  study  of  camphorated  oil 
tumors.  Camphorated  oil  was  injected  beneath  the  skin  of 
the  shoulders,  a  local  procedure  thought  to  be  entirely  with- 
out constitutional  effect  and  limited  to  the  site  of  injection 
and  adjacent  IjTnph  nodes.  The  animal  remained  apparently 
healthy  until  he  was  chloroformed  March,  1922,  for  purposes 
of  histological  study. 

Autopsy.  —  General  appearance  and  condition  normal; 
weight  2.2  kgms.  The  omentum  was  adherent  to  one  of  the 
laparotomy  scars  and  to  the  parietal  peritoneum.  No  super- 
numerary spleens  or  structures  suggesting  hemolymph  nodes 
were  observed,  but  the  great  prominence  of  the  lymph  nodes 
(mesenteric,  aortic,  inguinal),  was  at  once  noticed.  Many  had 
beneath  the  capsule  and  on  cut  surface,  a  peculiar  spongy  or 
aerated  appearance,  that  on  histological  examination  was  found 
to  be  due  to  the  absorbed  camphorated  oil.  A  chain  along  the 
left  iliac  artery  was  especially  noteworthy,  being  4  cm.  long, 
and  containing  some  nodes  more  than  i  cm.  in  diameter. 

The  femur  and  femoral  bone  marrow  showed  no  sign  of  the 
previous  biopsy,  except  that  the  marrow  of  the  right  side  was 
redder  than  the  left  (the  side  operated  upon).  On  the  right 
side  the  upper  half  of  the  shaft  marrow  was  a  uniform  deep 
red  throughout,  the  lower  half  reddish  on  the  periphery  of  the 
cylinder,  normal  yellow  in  the  centre.  On  the  left  side,  the 
lower  half  was  more  reddish  than  the  upper,  though  in  both 
the  hyperplasia  was  mostly  in  mottled  areas.  Nothing  sug- 
gesting lymphoid  follicles  was  observed  grossly.  Except  for 
some  anthracosis  of  lungs  and  bronchial  Ijmiph  nodes,  the 
other  findings  were  negative. 
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Histologically,  the  bone  marrow  showed  in  all  sections,  in 
addition  to  the  expected  cellular  hyperplasia,  well  marked, 
circumscribed  lymph  follicles  with  large  germ  centres.  (Figs. 
1-3.)    The  narrow  ring  of  small  lymphocytes  merged  sharply 
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into  the  surrounding  hyperplastic  bone  marrow  which  seemed 
even  more  cellular  here  than  in  other  parts,  though  distinctly 
hyperplastic  throughout.  In  the  germ  centres  were  frequently 
found  small  pink  staining  areas,  made  up  partly  by  acido- 
philic reticular  cells,  but  more  by  closely  associated  connective 
tissue,  similar  to  that  frequently  seen  in  splenic  follicles.    This 
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did  not  give  the  amyloid  stain,  and  stained  a  pale  blue  with 
Mallory's  Anilin  Blue.  It  was  taken  as  evidence  that  the  fol- 
licles had  existed  for  some  time  in  the  bone  marrow.  Central 
arterioles  were  very  rare  and  then  very  eccentrically  located. 
In  most  hyperplastic  areas  of  the  marrow,  only  a  few  fat  cells 
were  found  per  high  power  field;  for  the  most  part  the  cel- 
lular areas  occupied  slightly  less  than  half  of  the  total  area. 
All  the  usual  cells  were  found,  but  eosinophilic,  myelocytes 
and  leucocytes  were  much  rarer  than  in  Hedinger's  drawing. 
Multinuclear  giant  cells  were  unusually  prominent,  especially 
in  the  neighborhood  of  the  follicles.  The  leucogenetic  series 
seemed  on  the  whole  to  be  the  most  increased  and  the  minia- 
ture forms  more  so  than  the  mature  polys.  Macrophages  con- 
taining hemosiderin  and  extracellular  hemosiderin  were  some- 
what increased  over  the  normal.  L5miphocytes  were  only 
occasionally  found  and  then  not  identified  with  certainty. 

Almost  all  the  lymph  nodes  showed  the  lesions  characteristic 
of  camphorated  oil,  namely  tremendous  endothelial  hyper- 
plasia, with  vacuolization  of  the  cytoplasm,  larger  vacuoles 
resembling  fat  cells  and  still  larger  round  spaces,  apparently 
containing  globules  of  the  oil  itself,  all  staining  red  with  Sudan 
III.    Nothing  unusual  was  found  in  the  other  organs. 

The  bone  marrow  removed  at  biopsy  had  a  uniform  reddish 
color,  which  was  found  microscopically  to  be  due  almost  en- 
tirely to  congestion.  Small  cellular  areas  showed  the  usual 
groups  of  bone  marrow  cells,  with  polys,  and  normoblasts  the 
most  prominent.  There  was  a  small  amount  of  hemosiderin 
pigment  present.    The  spleen  and  lymph  nodes  were  normal. 

Discussion.  —  The  numerous  lymph  follicles  in  the  bone 
marrow,  when  first  seen  microscopically,  were  suggestive  of 
miliary  tuberculosis.  Special  stains,  however,  failed  to  reveal 
any  tubercle  bacilli,  and  in  no  nodule  was  any  necrosis  or 
caseation  observed.  This,  together  with  the  facts  that  the 
monkey  had  been  under  observation,  undisturbed  and  in  good 
health,  for  almost  two  years;  that  there  were  no  signs  of 
tuberculosis  elsewhere  in  the  body;  and  that  the  nodules  were 
identical  with  the  lymph  follicles  of  those  nodes  that  were 
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undisturbed  by  the  camphorated  oil,  all  make  it  safe  to  be- 
lieve that  true  lymph  follicles  and  not  tubercles  were  under 
consideration.  Neither  I  nor  the  colleagues  I  have  since 
asked  have  ever  observed  similar  structures  in  the  bone  mar- 
row, although  in  our  studies  on  the  spleen  and  on  mustard 
gas  poisoning,  this  organ  received  particular  attention. 

When  one  endeavors  to  account  for  the  presence  of  the  lymph 
follicles,  it  becomes  impossible  to  do  more  than  suggest  various 
possibilities.  The  chance  that  it  was  a  congenital  anomaly  is 
lessened  by  the  failure  to  find  any  similar  structures  in  the 
biopsy  material,  although  it  would  not  be  impossible  to  miss 
widely  scattered  nodules  even  in  serial  sections  of  the  small 
amount  of  tissue  removed  at  operation.  The  lymphoid  hyper- 
plasia that  has  been  so  frequently  reported  after  splenectomy 
of  course  must  be  considered  as  a  possible  cause,  but  in  no 
other  of  our  dogs  or  monkeys  (a  few  of  which  have  been  al- 
lowed to  survive  an  equal  length  of  time),  has  such  a  picture 
ever  been  found,  nor  has  it  been  reported  in  the  literature. 
The  unfortunate  addition  of  the  camphorated  oil  injections 
with  the  widespread  change  in  the  lymph  nodes,  must  also  be 
taken  into  account.  In  spite  of  the  great  enlargement  of 
lymph  nodes,  the  oil  lesions  constituted  so  great  a  percentage 
of  the  total,  that  a  total  lessening  of  functionally  active  lym- 
phoid tissue  is  not  out  of  the  question.  In  fact,  the  most 
reasonable  assumption  seams  to  be  that,  due  either  to  the  loss 
of  the  spleen,  or  to  the  loss  of  lymphoid  tissue  from  the  cam- 
phorated oil  lesions  or  to  the  nodectomies,  or  to  all  these 
causes,  a  need  for  further  lymphoid  tissue  developed,  which 
found  expression  in  the  metaplastic  formation  of  lymph  fol- 
licles in  the  related  tissue  —  the  bone  marrow  (or  hyperplasia, 
if  one  believes  that  lymph  tissue  normally  exists  in  the  bone 
marrow).  It  is  worth  emphasizing  that  no  other  lymphoid 
hyperplasia  was  found  in  the  liver  or  other  tissues  examined. 

Summary.  —  i .  In  a  monkey  that  had  undergone  splenec- 
tomy and  partial  myelectomy  and  nodectomy,  two  years 
previously,  and  had  received  injections  of  camphorated  oil 
shortly  after,  the  bone  marrow  was  found  at  autopsy  to  be 
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Studded  with  lymphoid  follicles,  with  well  developed  germ 
centres. 

2.  It  is  probable  that  these  lymphoid  follicles  developed  m 
response  to  a  demand  for  more  lymphoid  tissue,  as  the  result 
of  one  or  more  of  the  experimental  procedures. 

3.  Whether  this  should  be  considered  as  hyperplasia, 
heteroplasia  or  metaplasia  depends  on  more  than  one  problem 
that  still  awaits  solution. 
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DESCRIPTION  OF  PLATE  XII 

Fig.  I.  —  Monkey's  femoral  bone  marrow  showing  nximerous  lymph 
follicles  with  well  developed  germ  centres.  48  mm.,  4  x,  magnification  9  x. 

Fig.  2.  —  Same  as  Fig.  i,  higher  power.  16  mm.,  15  x,  magnification 
46  X. 

Fig.  3.  —  Right-hand  portion  of  same  lymph  folhcle  in  bone  marrow, 
showing  germ  centre,  narrow  rim  of  lymphocytes  and  adjacent  hyper- 
plastic bone  marrow.    4  mm.,  15  x,  magnification  76  x. 

Fig.  4.  —  Cross  section  of  lymph  node,  showing  lesions  produced  by 
absorption  of  camphorated  oil.    48  mm.,  4  x,  magnification  7  x. 
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PHILAItKLl'HIA 
THE     EVOLUTION     AND     INVOLUTION     OF    THE     HUMAN     BREAST 

In  the  embryo  of  the  lower  animal,  and  in  the  human  embryo  of 
8  mm.,  or  less,  a  delicate  line  extends  from  the  axillary  to  the  inguinal 
region,  along  the  junction  of  the  abdominal  wall  and  the  membrana 
rcuniens.  It  is  known  as  the  milk  line,  and  consists  of  an  epidermal 
thickening  which  later  breaks  up  into  ten  or  twelve  nodal  points,  the 
rudiments  t>f  the  future  mammary  glands. 

In  different  animals  a  varying  number  of  these  glands  persist  and 
undergo  further  development,  while  the  remainder  disappear,  so  that, 
with  the  completion  of  development,  each  animal  is  jjrovided  with  the 
numlier  of  mammary  glands  normal  to  its  kind,  and  in  positions  in 
conformity  to  its  type.  H.  Schmidt  has  shown  that  human  embryos 
are  provided  with  a  somewhat  variable  nunilier  of  these  rudiments, 
although  normally  only  two  survive,  situated  on  the  thorax  in  the 
})ectoraI  region. 

In  embryos  of  from  14  to  15  mm.  the  rudiments  are  composed  of 
circular  aggregations  of  ei)idennal  cells  dipping  downward  into  the 
denn.  Later  each  becomes  divided  into  a  number  of  segments,  and 
the  central  cells,  becoming  cornified,  are  cast  off.  .At  that  time  the 
future  mammary  gland  api)cars  as  a  de])ression  on  the  skin.  During 
the  next  few  months  the  cellular  segments  elongate  and  become  more 
or  le.ss  cylindric,  so  that  there  is  considerable  resemblance  between  the 
appearance  of  the  mammary  rudiment  and  that  of  a  sudori[)arous 
glaml.  This  has  led  some  to  lielieve  that  the  mammary  glands  are 
enlarged  and  modified  sweat  glands;  but  the  definite  manner  in  which 
their  rudiments  are  outlined  seems  sufficient  to  show  that  they  are 
special  organs.  At  this  time  the  epithelial  cylinders  are  solid,  and  so 
they  remain,  jx'netrating  more  deeply  and  ntore  widely  as  the  fetus 
grows. 


Immediately  after  birth,  in  both  sexes,  the  central  cells  of  the  cylin- 
ders disappear  by  vacuolation,  and  they  become  hollow  and  almost 
immediately  filled  and  later  distended  by  a  copious  exudation  of  fluid 
in  which  more  or  less  fat  appears,  either  as  free  droplets,  or  as  droplets 
enclosed  in  cells  similar  to,  if  not  identical  with,  the  colostrum  cells  of 
the  adult  breast  before  lactation. 

This  is  the  so-called  "witch's  milk."  At  the  time  it  appears  there 
are  no  acini,  such  as  appear  during  lactation  in  the  adult  breast.  The 
secretion  seems  to  exude  from  the  ducts,  lining  which  are  cells  which 
may  contain  fat  droplets.  In  the  course  of  a  few  weeks,  the  secretion 
and  the  enlargement  of  the  gland  that  accompanies  it  gradually  disap- 
pear ;  the  fluid  is  absorbed ;  the  tubules  contract  and  return  to  much 
the  same  condition  as  before  the  change  occurred,  except  that  the  lumina 
subsequently  remain  distinctly  patent.  The  parenchyma  of  this  still 
rudimentary  mammary  structure  is  distributed  throughout  a  seemingly 
dense  fibrillar  tissue  beneath  the  skin. 

At  a  time,  varying  from  the  twelfth  to  the  seventeenth  year,  usually 
between  the  thirteenth  and  fifteenth  years,  the  glands  in  both  sexes 
undergo  further  development,  with  very  little  increase  in  size  in  boys, 
but  with  great  increase  in  size  in  girls.  The  division  of  the  parenchyma 
into  segments  or  lobes  can  be  observed  in  the  latter.  There  are  from 
ten  to  twenty  of  these  segments  or  lobes,  indistinctly  separated  from 
one  another  by  intermediate  bands  of  dense  fibrillar  tissue  derived  from 
the  subjacent  fascia,  but  so  blended  with  the  general  connective  tissue 
of  the  organ  as  to  baffle  demonstration  by  dissection. 

The  lobes,  not  definitely  separable,  have  a  pyramidal  form,  the 
bases  at  the  periphery,  the  apexes  at  the  center,  where  they  converge  at 
the  future  nipple.  The  parenchyma,  at  this  time,  consists  of  branching 
ducts,  radiating  from  the  nipple  and  distributed  throughout  the  con- 
nective tissue. 

At  birth  there  is  no  nipple;  instead  there  is  a  slight  depression  at 
the  center  of  a  circular  area  of  modified  skin,  known  as  the  areola. 
It  is  in  immediate  juxtaposition  to  this  that  the  parenchyma  of  the 
future  breast  lies,  and  as  it  begins  to  grow  at  the  time  of  pubertj-,  the 
areola  becomes  elevated  and  projects  in  the  form  of  a  conical  eminence. 
As  the  ducts  continue  to  extend  centripitally,  and  the  stroma  increases 
in  quantity,  the  elevation  embraces  more  and  more  tissue  beyond  the 
areola,  the  size  increases,  and  a  hemispheric  shape  is  gradually  assumed. 

The  hemisphere,  however,  remains  surmounted  by  the  small  primi- 
tive cone  so  that  the  entire  breast  at  this  time  is  conical.  In  the  darker 
colored  races  this  is  sometimes  the  final  form  of  the  mamma ;  but  in 


Caucasians  there  is  a  further  change  incidental  to  the  appearance  of 
muscular  tissue  about  the  nipple  and  backward  traction  of  the  fascia 
between  the  milk  ducts.  The  result  is  flattening  of  the  cone  and  the 
projection  of  the  nipple.  In  the  breasts  of  males  the  changes  are  much 
less  striking,  but  there  is  increase  of  the  parenchyma  and  development 
of  a  nipple. 

Up  to  this  time  the  breasts  of  both  sexes  are  substantially  alike, 
except  that  that  of  the  female  greatly  exceeds  that  of  the  male  in  size 
and  in  the  quantity  of  parenchyma.  But  what  seems  to  be  commonly 
overlooked  is  the  fact  that  the  breasts  of  both  sexes  frequently  remain 
in  this  state  of  simplicity  throughout  the  entire  life  of  the  individual 
unless  some  stimulus  determines  further  development.     On  the  other 


Fig.  1. — Nfcropsy  specimen  from  normal  breast  of  R.  N.,  aged  3  weeks, 
showing  the  dilatation  of  the  ducts  by  the  "witch's  milk."  There  are  no 
loliulcs  and  no  acini.  The  magnification  is  too  low  to  enable  the  cells  lining 
the  ducts  to  be  recognized.     (From  the  Philadelphia  General  Hospital.) 

hand,  in  many  cases,  at  this  early  period,  and  for  no  discoverable 
reason,  the  breasts  seem  to  assume  a  much  more  highly  complex 
develoj)ment  with  the  formation  of  the  well  known  textl)ook  lobule. 

So  far  as  known  this  structure  never  makes  its  appearance  in  the 
male  breast,  and  in  those  cases  in  which  the  male  breast  has  engaged 
in  milk  secretion,  it  seems  to  be  through  the  activity  of  the  cells  of  the 
ducts,  as  in  the  infantile  activity  resulting  in  "witch's  milk." 

According  to  the  descriptions  in  the  textlwoks,  the  lobule  is  the 
charactcristir  element  of  the  parenchyma  of  the  mammary  tissue.     It 
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is  of  interest,  therefore,  to  find  that  there  are  many  cases  in  which  it 
is  completely  or  almost  completely  absent.  In  the  breasts  of  seventeen 
girls  and  women  known  not  to  have  borne  children,  and  ranging  in  age 
from  12  to  70  years,  no  distinct  lobules  were  found.  This  at  first  led 
to  the  assumption  that  the  breasts  of  women  that  had  never  been  preg- 
nant were  continually  without  definite  and  well  formed  lobules,  and  so 
gave  the  impression  that  it  was  possible  from  the  examination  of  the 
breast  alone  to  discover  whether  a  woman  had  been  pregnant  or  not. 
This  seems  to  be  a  mistake.  Through  the  kindness  of  Dr.  Joseph  C. 
Bloodgood,  an  opportunity  was  presented  to  supplement  the  study  of 
the  series  of  breasts  secured  at  necropsy  with  breast  tissue  surrounding 
benign  tumors  of  the  breasts  of  unmarried  girls  and  young  women, 
known  not  to  have  been  pregnant,  in  many  of   which   lobules  were 

T.'KBLE  1. — CoNniTioN  of  the  P.arenchvma  in  thk  Bkkast  of  Women 
Known  not  to  Have  Had  Children 

Age  In  Years  Condition  of  Parenehyma 

12  Ducts  In  small  groups,  no  lobules 

12  Rudimentary  lobules,  very  small 

14  Rudimentary   lobules,  very  small 

15  Rudimertary   lobules,  very  small 

17  A  few   well  developed   lobules   (This  girl  had  carcinonn  of  the  other  breast» 

18  No  lobules 

21  Few  well  developed  lobules  of  small  size  (The  ovaries  had  been  removed  at  19i 

26  Ko     lobules 

40  A  few  small  rudimentary  lobules 

47  A  few  small  rudimentary  lobules 

47  A  good  many  large  rudimentary  lobules 

51  ■  Occasional  small  rudimentary   lobules 

53  No  lobules 

56  A  few  small   rudimentary  lobules 

65  No    lobules 

65  No    lobules 

70  No    lobules 


present,  some  being  well  formed.  The  histologic  structure  of  the  virgin 
breast  is  therefore  varied.  For  convenience  of  description  it  can  be 
divided  into  parenchyma  and  stroma : 

I.  The  Parenchyma. — In  its  most  simple  form  the  parenchyma  con- 
sists of  tubular  structures  that  are  easily  recognized  as  ducts.  In 
sections  they  may  appear  singly,  or  may  be  collected  in  groups.  To 
the  latter  it  seems  appropriate  to  apply  the  term  rudimentary  lobule. 
They  differ  from  the  developed,  or  textbook,  lobule  through  the  absence 
of  distinct  i^eriductal  tissue. 

The  size  of  the  ducts  is  variable ;  some  are  small,  with  very  incon- 
siderable lumina ;  others  are  large,  with  widely  dilated  lumina.  They 
almost  always  have  distinct  lumina,  primarily  because  of  the  infan- 
tile secretion  already  referred  to,  and  because  of  subsequent  periodic 
activity  of  a  secretory  character.  It  is  well  known  that  young  women 
not  infrequently  exj>erience  slight  tenderness  of  the  breasts  at  the  time 
of  menstruation,  and  some  of  them  are  at  that  time  able  to  discover  a 


slight  amount  of  moisture  in  the  breasts.  Others  observe  swelHng  of 
the  glands,  and  a  few  are  able  to  express  considerable  watery  secretion. 
Rare  cases  are  on  rccor<i  in  which  with  each  recurring  menstrual  period 
a  distinct  milky  secretion  has  occurred. 

The  ducts  appearing  in  the  sections  are  not  always  em]>ty.  They 
are  likely  to  contain  more  or  less  jelly-like  material  that  probably 
results  from  the  action  of  the  fixatives  on  the  proteins  in  the  secretion 
which  they  contained ;  and  in  it  there  may  be  some  admixture  of  fatty 
molecules. 

The  rudimentary  lobules  may  be  numerous  and  large,  and  may 
pass  by  imperceptible  gradations  into  the  atypical  or  textbook  lobules 
which  are  characterized  by  the  presence  of  abundant  i>eriductal  tissue. 
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Kig.  2. — Necropsy  specimen  I'roni  inirinal  breast  nf  T,  H.,  man,  awed  38.  The 
stroma  of  the  breast  corresponds  to  the  perilobular  stroma  of  the  virgin  female 
breast.  In  it  only  a  few  fat  cells  can  be  detected.  The  glandular  parenchyma 
is  represented  solely  by  ducts,  and  the  structure  is  identical  with  that  found  in 
the  breast  of  the  young  virgin.     (From  the  Philadelphia  General  Hospital.) 


The  structure  of  the  ducts  is  simple,  consisting  of  a  ba.sement  mem- 
brane, not  always  easy  to  define  on  account  of  its  thinness,  and  a  single 
layer  of  cells.  The  appearance  of  these  will  vary  according  to  the 
region  from  which  the  section  is  removed.  If  deep  in  the  breast,  the 
ducts  arc  always  lined  with  epithelium  of  culmidal  type;  if  near  the 
nipple,  by  epithelium  which  becomes  higher  and  more  nearly  columnar 
as  the  dilatations — milk  sinuses — below  the  nipple  are  approached. 


If  a  milk  duct  could  be  followed  from  its  ending  in  the  nipple  to 
its  Ijeginning  deep  in  the  parenchyma,  it  would  be  found  that  the 
squamous  epithelium  of  the  outer  skin  dips  a  short  distance  into  it, 
then  suddenly  changes  to  columnar  epithelium,  which  continues  a  con- 
siderable distance,  until  the  duct  has  divided  several  times,  after  which 
it  gradually  changes  to  cuboidal  epithelium.  As  the  fragments  of  tissue 
collected  for  the  prosecution  of  this  research  were  not  intended  for 
the  determination  of  the  structure  of  the  ducts,  they  were  taken  from 
deeper  portions  than  were  appropriate,  and  observations  on  this  point 
were  merely  incidental.     Rugosity  of  the  ducts  was  very  common,  as 


Fig.  3. — Necropsy  specimen  from  normal  breast  ot  M.  V\'.,  colored  girl,  aged 
12  years.  The  stroma  is  almost  entirely  composed  of  purely  fibrillar,  perilobular 
connective  tissue.  Extending  from  the  lower  edge  of  the  section  toward  the 
blood  vessel,  to  the  left  of  the  center,  there  is  some  interlobular  connective 
tissue.  The  parenchyma  consists  solely  of  ducts  and  minute  rudimentary 
lobules,  one  of  the  former  being  conspicuous  to  the  right  of  the  center,  one  of 
the  latter  is  in  the  upper  left  corner.  There  was  no  fat  in  this  breast,  though 
it  was  quite  shapely  and  well  developed.  (From  the  Philadelphia  General 
Hospital.) 

might  be  predicted  from  the  frequency  with  which  they  are  subject  to 
distention  and  contraction  with  the  variations  of  secretory  activity. 

From  the  rudimentary  lobules  composed  of  congeries  of  small  ducts, 
without  the  number  of  tubular  structures  and  the  connecting  periductal 
tissue  characteristic  of  the  classical  lobule,  one  passed,  in  the  series  of 
cases  studied,  imperceptibly  into  the  latter.  That  is,  there  were  ca.ses 
with  no  parenchymatous  structures  other  than  ducts,  cases  with  rudi- 


mentary  lobules,  cases  with  rudimentary  lobules  of  large  size,  cases 
with  large  and  small  rudimentary  lobules  and  small  classical  lobules, 
and  cases  with  many  large  classical  lobules. 

So  far  as  could  be  determined,  there  was  no  difference  between  the 
lobules  in  these  virgin  breasts  and  those  in  the  mammae  of  parous 
women,  so  that  the  presence  or  absence  of  lobules  ck^s  not  form  a  means 
of  determining  the  virginal  state  of  the  breast.  The  consideration  of 
further  particulars  of  the  histology  of  the  lobules  themselves  will  be 
jx)stixined  until  the  history  of  the  mammary  lobule  is  described. 

But  here  it  must  be  pointed  out  that  the  development  of  the  breast 
at  the  time  of  puberty,  as  well  as  later,  and  its  extreme  development  at 


Fi^.  •.  -\-crui).sy  .s|)ecimen  from  normal  breast  of  L  D.,  white  girl,  aged 
12  years,  showing  rudimentary  lobules  in  the  virgin  breast,  as  well  as  the  peri- 
lobular connective  tissue  above  them  and  near  the  two  op|)osite  diagonal 
corners,  the  interlobular  connective  tissue  which  contains  a  few  fatty  deposits. 
The  iwrilobular  tissue  is  purely  fibrillar  in  character.  (From  the  Philadelphia 
(iencral    Hospital.) 

the  time  that  it  is  preijaring  for  lactation,  can  only  be  accounted  for  as 
(lej)ending  on  certain  stimuli.  If  these  are  efficient,  the  breast  develops 
irres|)ective  of  everything  else. 

Of  the  nature  of  these  stimulants  nothing  need  be  said  here,  the 
subject  is  physiologic,  and  is  sufticiciit  to  till  a  good  sized  paper  in 
itself ;  but  with  resjiect  to  the  response  to  stimuli,  it  is  necessary  to  point 
out  certain  things  at  this  jxiint.  In  certain  cases  the  stimulus  may  be 
excessive  and  come  early,  so  that  the  growth  of  the  breast  at  puberty 
does  not  cease  at  the  development  to  the  usual  size,  but  continues  to 
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an  enormous  size — puberty  hypertroijhy.  Again,  there  are  numerous 
cases  in  which  the  puberty  hypertrophy  is  followed  by  the  attainment 
of  the  normal  size,  but  the  occurrence  of  pregnancy  is  followed  by  the 
excessive  development — pregnancy  hypertrophy.  Then  there  are  still 
other  cases  in  which  for  no  discoverable  reason  the  breast  develops 
excessively,  sometimes  uniformly  and  on  both  sides,  sometimes  only  on 
one  side — nondescript  hypertrophy.  But  what  is  of  more  interest  now 
is  the  fact  that  the  growth  may  be  limited  and  localized,  and  therefore 
not  referable  to  endocrine  substances  reaching  it  through  the  blood, 
but  apparently  dependent  on  local  conditions  resident  in  the  breast 
itself.  Such  seemed  to  be  the  case  in  numerous  of  the  sections  shown 
by    Bloodgood    taken    from    tissue    surrounding    benign    encapsulated 


Fig.  5.— Mammary  gland  of  virgin  rat.  The  animal  was  three-fourths  grown 
and  in  fine  breeding  condition;  but  it  had  been  kept  from  the  males.  There 
are  no  lobules ;  the  parenchyma  of  the  gland  is  composed  solely  of  ducts. 

tumors  in  young  women  and  girls.  The  appearance  of  the  mammary 
tissue  differed  according  to  the  proximity  of  the  tumor.  Away  from 
it,  the  breast  had  a  composition  like  that  of  the  virgin  breast  already 
described ;  but  as  the  tumor  was  approached,  the  lobules  became  larger 
and  larger,  until  many  of  them  appeared  exactly  like  those  of  a  breast 
that  had  recently  been  lactating.  Unfortunately,  there  were  no  sections 
available  from  other  parts  of  the  breasts  of  these  subjects  from  which 
it  could  be  determined  whether  this  development  of  the  lobules  was 
as  local  as  it  seemed,  or  was  to  be  found  in  parts  of  the  breast  remote 
from  the  tumors. 


P'rom  several  of  the  sections  it  was  difficult  to  come  to  any  other 
conclusion  than  that  the  general  structure  of  the  breast  was  composed 
of  a  parenchyma  made  up  of  rudimentary  lobules,  which  increased  in 
size  and  development  as  the  neighborhood  of  the  tumor  was  reached. 

But  regardless  of  such  local  conditions  as  may  play  a  part  in  their 
development,  and  of  unusual  stimuli  governing  their  occasional  matura- 
tion, it  is  pregnancy  that  is  the  great  determiner  of  lobular  growth  and 
development  in  the  breast,  and  to  it  I  shall  return  later. 

II.  The  Stroma. — To  the  paljiating  fingers  the  normal  breast  is  soft 
but  lacking  in  uniformity.  It  is  hard  to  de.scribe  the  exact  sensation, 
but  it  is  commonly  said  to  be  "corded,"  the  source  of  the  inequality 
being  referred,  by  some  writers,  to  the  presence  of  vessels  and  milk 
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Fin.  6. — Necropsy  specimen  from  normal  breast  of  J.  S..  white  woman,  aged 
2Z,  showing  the  mucinoid  stroma,  as  well  as  the  fibrillar  structure  of  the  juvenile 
mammary  gland.     There  is  no  fat  in  the  perilobular  tissue  shown. 

ducts.  It  is  obvious  that  this  is  a  mistake.  X'essels  are  few  and 
deeply  seated.  Milk  ducts  are  also  centrally  and  deeply  seated,  and 
their  delicate  structure  makes  it  impossible  to  feel  them.  The 
real  source  of  the  inequality  is  the  structure  of  the  stroma  which  is 
l>eculiar  both  in  quality  and  in  distribution.  It  is  primarily  and  fupda- 
mentally  fibrillar,  and  may  be  divided  as  follows : 

1.  Interlobar  Connective  Tissue:  This  seems  to  be  derived  from 
the  pectoral  fascia,  and  extends  upward,  dividing  the  whole  substance 
of  the  gland  into  the  lobes  already  descril)ed.  In  it  a  varying  quantity 
of  adipose  tissue  is  present.     The  general  fatness  or  leanness  of  the 
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body  seems  to  have  little  to  do  with  the  quantity  of  adipose  tissue  in 
the  breast,  however.  The  breasts  of  some  lean  women  contain  a  great 
deal  of  fat  and  are  large  in  consequence;  those  of  some  fat  women 
contain  very  little  fat  and  are  small  in  consequence.  In  the  breasts  of 
one  very  fat  woman,  in  our  necropsy  series,  there  was  scarcely  any 
adipose  tissue. 

2.  The  Interlobular  Connective  Tis.sue:  This  extends  throughout 
the  entire  mammary  tissue  between  its  lobules,  or  in  the  case  of  virgins, 
between  the  potential  lobules  represented  by  the  ducts  and  rudimentary 
lobules.  In  it  occasional  fat  vacuoles  may  be  found  at  any  age,  but  fat 
regularly  begins  to  appear  as  age  increases.  This  is  not  a  fixed  rule, 
but  it  applies  well  in  averaging  the  cases,  with  respect  to  both  virgins 
and  parous  women,  as  will  be  evident  by  comparing  the  accompanying 
tables  showing  the  conditions  of  the  stroma  in  parous  and  nonparous 
women. 

TABLE  2. — Microscopic  Structure  of  the  Strom.\  of  the  Breast 

IX   P.\ROUS   .WD   IX    XOXP.^ROUS   WOMEX 

Number  of  .Average  Age 

Cases  of  Women, 

Studied  Years 

1.  Xonparous    women     ^"  ^■' 

.Stroma   fibrillar  only    *>  '-■' 

stroma  fibrillar  imii   imicinoid *  <r 

Stronia  fibrillar,  imieinoici   and  fatty 3  .tO 

Stroma  fibrillar  and   fatty *  39 

TI.  Parous    women    1-*  *®'"- 

Stroma  fibrillar  only    11  32., 

.Stroma   fibrillar  and  mucinoid 6'-  *'-° 

Stroma  fibrillar,   mucinoid  and   fatty 48  ;».- 

Stroma   fibrillar  and    fatty,  mostly   fatty 3  58 

.4niong  the  nonparous  women  the  stroma  was  mucinoid  in 41.17  per  cent. 

Among  the  parous  women  the  stroma  was  mucinoid  in 88.7^  per  cent. 

Among  the  nonparous  women  the  stroma  was  fatty  in 41.17  per  cent. 

Among  the  parous  women  the  stroma  was  fatty  in 41.1'2  per  cent. 


It  is  thus  seen  that  though  there  may  be  considerable  adipose  tissue 
in  the  interlobar  tissue  of  the  breast  in  youth,  not  much  is  to  be 
expected  to  appear  in  the  interlobular  tissue  until  after  the  menopause. 
This  may  have  an  important  bearing  when  it  is  remembered  that  in 
excising  fragments  of  breast  tissue  for  microscopic  examination,  the 
interlobar  fat  which  is  immediately  visible  is  usually  avoided  in  favor 
of  the  white  tissue  of  the  breast  itself,  which  consists  in  large  measure 
of  the  interlobular  tissue. 

Since  the  adipose  tissue  is  so  unequal  in  its  presence  and  distribu- 
tion, it  cannot  be  to  it  that  the  breast  owes  its  softness;  the  organ  is 
soft,  though  firm  in  youth  when  very  little  fat  is  contained  in  its  sub- 
stance, soft  and  flabby  in  old  women,  when  much  fat  is  present.  The 
fibrillar  breasts  of  youth  are  protuberant :  the  fatty  breasts  of  age, 
pendulous. 


11 

The  interlobular  distribution  of  the  adiiKJse  tissue  in  the  breast  of 
young  women  and  its  interlobar  and  interlobular  distribution  in  the 
breasts  of  older  women  may  largely  explain  the  inecjuality  of  the  mam- 
mary tissue  to  which  the  "corded"  sensation  is  due.  The  softness  of 
the  adipose  tissue  alternates  with  the  firmer  fibrillar  tissue.  But  there 
is  another  factor  of  great  importance  in  accounting  for  the  soft  con- 
sistency of  the  mammary  tissue,  that  is,  the  mucinoid  condition  so 
common  in  its  connective  tissue.  As  has  lieen  shown  in  the  tabulation, 
41  per  cent,  of  the  breasts  of  nonparous  women  and  88  per  cent,  of 
those  of  j)arous  women  showed  this  condition  in  the  fragments  of 
tissue  examined.    It  is  quite  probable  that  if  greater  areas  of  the  breast 


Fig.  7. —  Necr.i|i>_\  >i.ri  ncn-n  ii.piu  imrinal  breast  of  W.  S.,  white  woman,  aged 
81,  showing  calcification  of  the  middle  coat  of  a  branch  of  the  mammary  artery. 
(From  the  Philadelphia  (ieneral  Hospital.) 

tissue  had  been  subjected  to  examination,  a  greater  number  of  breasts 
would  have  shown  it.  Here  is  introduced  a  source  of  error  that  gen- 
erally jK-rvades  the  research.  The  breast  is  such  a  large  organ  that  it 
is  quite  impossible  to  subject  every  part  of  it  to  microscopic  examina- 
tion ;  a  supposedly  representative  sample  is  selected,  and  with  what  is 
seen  in  it  one  must  be  content,  especially  if  a  large  number  of  cases 
are  to  be  studied. 

The  change  that  is  called  mucinoid  seems  to  result  from  some  kind 
of  softening  of  the  collagen  fil)crs  of  the  connective  tissue,  which  seem 
to  lose  distinctness  and  coalesce  in  a  homogeneous  mass  through  which 
capillary  and  other  blood  vessels  and   ducts  are  distributed  and  in 
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which  lobules  may  lie  embedded.  At  first  it  was  supposed  to  be  truly 
mucinoid,  and  like  the  gelatinous  change  so  frequently  seen  in  the 
tissue  of  tumors.  But  it  fails  to  give  the  chemical  reactions  of  the 
mucins,  and  it  has  not  been  possible  to  determine  its  true  nature.  It 
was  at  first  looked  upon  as  pathologic  and  possibly  referable  to  dis- 
turbed conditions  of  the  circulation,  probably  depending  upon  disease 
of  the  blood  vessels.  As  will  later  be  shown,  disease  of  the  blood 
vessels  is  of  not  infrequent  occurrence  in  the  breast ;  but  it  is  impossible 
that  the  condition  under  consideration,  which  occurs  in  88  per  cent,  of 
normal  breasts  and  sets  in  after  middle  life  with  such  regularity,  can 
be  so  caused.  It  is  sometimes  found  as  early  as  the  eighteenth  year, 
and  occurs  in  both  virgins  and  parous  women. 


Fig.  8. — Xtcrupsy  spt-cinien  from  noniial  breast  of  M.  C,  white  woman, 
aged  53,  showing  a  corpuscle  of  Pacini.  It  lies,  as  is  usual,  in  the  inter- 
lobular connective  tissue,  not  far  from  the  blood  vessels.  (From  the  Phila- 
delphia General  Hospital.) 

It  has,  moreover,  a  somewhat  regular  distribution,  occurring  rather 
more  frequently  in  the  interlobular  than  in  the  perilobular  tissue  soon  to 
be  described.  In  some  cases  it  occurs  in  the  form  of  occasional 
fibers  which,  among  those  of  ordinary  appearance,  show  it  through 
greater  size  and  homogeneous  appearance ;  sometimes  whole  strands 
of  the  fibers  show  it;  sometimes  great  areas  of  tissue  are  so  altered 
as  to  appear  structureless  and  colorless  or  reddish  from  the  eosin 
counter-stain. 

3.  The  Perilobular  Connective  Tissue :  This  immediately  surrounds 
the  ducts  and  lobules  in  a  more  or  less  concentric  fashion  and  seems 
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to  be  the  last  to  undergo  eitlier  the  fatty  or  the  niucinoid  change.  In 
many  cases  it  is  a  distinct  and  easily  recognizable  tissue ;  but  in  others 
it  is  difficult  to  separate  it  from  the  interlobular  tissue.  It  must  be 
distingui.>!he(i  from  the  jx'Hductal  tissue,  which  is  intralobular,  and  will 
be  considered  with  the  parenchyma.  Its  distinctness  is  possibly  due 
to  the  direction  in  which  the  section  is  cut.  Should  this  be  a  fact  it 
will  serve  to  explain  why  in  certain  sections  it  is  so  distinct  as  to  cause 
the  section  to  he  divided  into  many  distinct  entities,  as  the  liver  is 
divided  into  lobules,  in  the  center  of  each  of  which  there  appears  a 
duct,  a  small  lobule.  This  perilobular  connective  tissue  is  destined 
to  disappear  in  part  or  altogether  when  lactation  hypertrophy  occurs, 
and   might,   therefore,   be  expected   to  be  of   delicate   structure  and 


^•" 

^  1 

Fig.  9. — Necropsy  specimen  from  normal  breast  of  M.  M.,  white  woman,  aged 
23,  eighth  month  of  pregnancy.  The  lobules  have  already  attained  a  large  .size  and 
many  of  the  acini  are  dilated  by  beginning  secretion,  which  also  fills  the  ducts. 
(From  the  Philadelphia  General  Hospital.) 


mucinoid  character.  That  is,  however,  not  the  case ;  it  usually  api)ears 
dense.  In  all  of  these  connective  tissues  there  arc  collagen,  fibroglia 
and  elastic  tilers,  varying  somewhat  in  quantity  and  in  distribution 
according  to  the  activities  and  metamorphoses  through  which  the  breast 
has  jKissed  in  the  course  of  a  long  life,  including  numerous  jiregnancies 
and  lactations. 

The  stroma  of  the  breast  also  contains  vessels  and  nerves.  Their 
presence  depends  upon  the  part  of  the  organ  from  which  the  fragment 
for  examination  has  been  excised. 
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1.  Arteries:  These  are  usually  small  or  of  medium  size,  and  are 
contracted.  Occasionally,  they  show  calcification  of  the  middle  coat,^ 
when  they  seem  to  lose  their  norma!  resisting  power  and  undergo 
more  or  less  dilatation.  As  usual,  the  calcification  seems  to  be  pre- 
ceded by  hyaline  degeneration.  No  calcified  vessels  were  found  before 
the  menopause.     They  were  discovered  at  the  ages  given  in  Table  3. 

2.  Veins :  The  only  change  observed  in  the  veins  was  dilatation, 
which  seemed  to  be  of  frequent  occurrence. 

3.  Nerves :  Nerves  were  present  in  a  number  of  the  sections. 
Most  of  them  were  found  unexpectedly ;  they  were  sometimes  single 
and  sometimes  in  groups.  No  pathologic  alteration  was  noted  in  any 
of  them. 

The  occurrence  of  the  corpuscles  of  Vater,  or  pacinian  corpuscles, 
was  noted  by  Kolhker  many  years  ago;  but  it  is  unusual  to  see  them 
in  sections  made  for  pathologic  study.  It  is  probable  that  misinter- 
pretations have  arisen  from  their  peculiar  appearance  and  rarity.    One 

TABLE  3. — Aces  at  Which  Calcified  Vessels  Were  Found 

Age  in  Years  RHce  Xo.  of  Children 

47 Colored  2 

.11 White  5 

55 Colored  ? 

Ii2 White  7 

«i White  ? 

as White  ? 

70 White  ? 

75 White  Hyaline  degeneration 

78 White 

81 White 

84 White  ? 


was  shown  to  a  competent  niicroscopist  who  after  examining  it  critically 
suggested  that  it  was  a  peculiar  form  of  laminated  thrombus.  In  the 
150  cases  upon  which  this  research  is  based  they  were  found  eight 
times.  Being  normal  and  permanent  structures,  in  all  probability  con- 
nected with  the  sensory  system  of  nerves,  the  age  at  which  they  occur 
is  of  no  consequence,  varying  from  16  days  to  78  years.  Like  the 
nerves  themselves  the  jMcinian  corpuscles  are  found  in  the  interlobular 
connective  tissue,  near  the  larger  blood  vessels.  They  are  large  and 
striking  objects,  and  not  to  be  mistaken  for  anything  else,  by  those 
familiar  with  them. 

Except  there  be  such  obvious  pathologic  disturbances  as  suppura- 
tion, round  cell  infiltration,  calcification  or  hemorrhage,  the  condition 
of  the  stroma  of  the  breast  seems  to  be  a  very  insecure  guide  to  the 
determination  of  the  normality  or  abnormality  of  the  organ,  as  it 
varies  greatly  according  to  the  age,  the  sexual  activity,  and  the  indi- 
viduality of  the  patient.  Most  of  the  breasts  that  come  to  microscopic 
study  have  been   removed   surgically,  and  taken   from  middle  aged 
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women  who  have  l)ome  children.  They  present  an  appearance  char- 
acteristic of  that  time  of  life  and  activity,  with  which  all  surgical 
pathologists  become  familiar.  A  breast  from  a  virgin,  many  years 
younger,  presents  a  very  different  appearance.  In  the  former,  there 
is  likely  to  be  a  considerable  admixture  of  fat,  with  corresjwnding 
diminution  of  fibrillar  tissue;  in  the  latter,  there  may  be  no  adipose 
tissue,  and  much  fibrillar  tissue,  a  condition  that  is  likely  to  be  inter- 
preted immediately  to  mean  a  pathologic  condition  of  fibrosis,  especially 
when  the  large  amount  of  jiarenchyma  in  the  former  is  compared  with 
the  very  small  amount  in  the  latter,  and  the  absence  of  lobules  is  taken 


Fig.  10. — Necropsy  specimen  from  normal  breast  of  E.  R.,  white  woman,  aged 
23.  who  died  of  puerperal  sepsis  two  days  after  the  birth  of  her  third  child. 
There  is  great  inequality  in  the  size  of  the  acini,  some  of  which  are  entirely 
empty  and  contracted,  others  widely  dilated,  as  in  full  lactation  hypertrophy. 
(From  the  Philadelphia  General   Hospital.) 

into  consideration.  It  is  suspected  that  the  growth  of  the  fibrillar  tissue 
has  resulted  in  the  extinction  of  the  lobules,  when,  as  a  matter  of  fact, 
there  never  were  any  there,  and  the  presence  of  the  fibrillar  tissue 
is  normal. 


THE     EVOLUTION     OF     THE     BREAST     FOR     THE     PERFORMANCE     OF     ITS 
FUNCTION— LACTATION 

The  great  mo<lifier  of  the  manmiary  stnicture  is  pregnancy.     It 
i-  with  the  occurrence  of  this  state  that  the  lobules  invariably  appear; 
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and  after  the  menopause,  when  it  is  no  longer  possible,  that  they  tend 
to  disappear.  Most  of  the  subsequent  history  of  the  mammary  gland 
has,  therefore,  to  do  with  its  lobules. 

The  History  of  the  Maiitntary  Lobule. — The  starting  point  of  the 
investigation  should  be  the  changes  that  occur  in  the  breast  of  the 
primipara,  and  lead  to  the  appearance  of  the  lactation  tissue.  The 
rarity  with  which  primiparous  women  die  in  the  early  months  of 
pregnancy  explains  the  first  difficulty  encountered — the  inability  to 
obtain  the  desired  and  necessary  material.  In  our  collection  there  were 
but  two  cases  of  very  early  pregnancy ;  but  in  each  there  had  been 
prior   pregnancies   by   which   the   conditions   were   so   modified   as  to 


Fig.  11. — Necropsy  specimen  from  normal  breast  of  M.  M.,  white,  aged  34, 
mother  of  six  children,  one  of  whom  she  was  nursing  at  the  time  of  her  death. 
The  breast  shows  full  lactation  hypertrophy  under  low  magnification.  The  peri- 
lobular tissue  has  disappeared  and  the  interlobular  tissue  is  represented  only 
by  fibrous  partitions  that  support  the  blood  vessels.  The  acini,  which  are  some- 
what collapsed  because  the  secretion  escaped  when  the  tissue  was  cut,  are 
of  irregular  shape  and  into  many  of  them  slender  projections  extend,  like 
stumps  of  ruptured  interlobular  septums.  Similar  formations  appear  in  the 
residual  lactation  acini.     (From  the  Philadelphia  General   Hospital.) 

make  them  valueless  in  answering  the  question  of  the  early  changes. 
In  each  the  efifects  of  the  previous  lactations  were  confused  with  those 
of  the  present  one. 

The  observations,  therefore,  were  begun  with  the  study  of  the 
breast  of  a  young  primipara  in  the  fifth  month  of  pregnancy.  At  this 
time   the   increase  of  mammary  parenchyma  was  astonishing;   there 
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being  a  l.irgc  number  of  lobules,  varying  in  size  from  minuteness  to  a 
diameter  great  enough  to  fill  an  entire  field  under  a  low  power 
magnification  (Zeiss  AA,  ocular  4). 

It  is  evident,  therefore,  that  the  mammary  hypertrophy  does  not 
progress  uniformly,  but  is  more  rapid  in  certain  jx)rtions  than  else- 
where. I'resumably,  a  study  of  the  structure  of  the  smallest  of  the 
lobules  gives  the  best  clue  to  the  inception  of  the  process.  From 
these  sections,  it  was  determined  that  the  hyi)ertrophy  of  the  paren- 
chyma begins  through  budding  from  the  ducts.  In  not  a  few  areas 
there  were  small  ducts,  wrinkled  and  puckered,  as  though  buds  were 


Fig.  12. — \ccri)p.>>  ^l)^■cinlcll  from  iiurn\al  breast  of  K.  k.,  white  woman,  aged 
23,  delivered  of  a  baby,  Jan.  23,  1921,  died  of  streptococcic  piier|)eral  infection  a 
few  days  later  in  the  Philadelphia  General  Hospital.  The  breast  is  in  a  con- 
dition of  full  lactation  hypertrophy  but  no  active  secretion  has  begun.  The 
quantity  in  the  acini  is  not  greater  than  it  is  in  the  earlier  months  of  pregnancy. 
(From  the  Philadelphia  General  Hospital.) 

growing  oiii  from  their  walls.  From  these,  other  smaller  puckers  were 
.sometimes  discoverable,  as  though  secondary  buds  were  forming  frotn 
the  primary  ones. 

At  these  jwints,  there  was  no  discoverable  basement  membrane, 
(The  basement  membrane  of  the  parenchyma  of  the  mammarj'  gland 
is  always  difficult  to  define  except  in  lobules  long  inactive.)  The 
epithelial  buds  seemed  frequently  to  be  solid  and  composed  of  masses 
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of  cells  without  differentiation.  Through  early  vacuolation  and  fatty 
secretion  by  the  cells,  the  centrally  situated  cells  disappear,  leaving 
lumina  in  the  new  formation.  In  this  manner  the  parenchyma 
developed,  acinus  being  added  to  acinus,  and  groups  of  acini  collecting 
about  the  ducts  and  ductules.  The  acini  first  formed  usually  showed 
more  or  less  secretion,  which  appeared  in  the  sections  either  as  jelly- 
like cylinders,  or  as  collections  of  jelly  mixed  with  fatty  globules  of 
considerable   size. 

There  was  another  element  of  the  parenchyma  that  merits  attention 
— the  intralobular  or  periductal  connective  tissue.  The  budding  of  the 
parenchyma  scarcely  begins  before  the  growing  ducts  and  developing 


HMMM 

ifSl^^SBS^^ 

^g  ...-v.'^ 

^^m 

J^S^^^^^^- 

'^^tJr^^^^^^^^^^B 

mK 

BHt^/ 

^?^&.. ""  ■?'.'' '  ■  '^i^^^ 

w^^^ 

i>j!>w^^Sr^^^??a^^ 

»j^jiif?wsrv®'f 

^^SpfeK-- ■'  '^^ 

hhI 

HI 

■ 

1 

Fig.  13. — Necropsy  specimen  from  normal  breast  of  C.  P.,  aged  28,  white 
woman,  mother  of  four  children,  date  of  last  lactation  not  known.  The  greater 
part  of  the  illustration  shows  parenchyma  in  the  earlier  nuclear  stage  of 
involution.  The  large  lobule  on  the  left  has  delayed  its  involution  and  its 
acini  retain  the  lactation  appearance.  Such  elements  may  evolve  into  residual 
lactation   acini.     (From  the    Philadelphia   General   Hospital.) 


lobules  are  surrounded  by  broad  areas  of  peculiar  pale  connective 
tissue,  sharply  differentiated  from  the  perilobular  tissue,  and  suggesting 
by  its  looseness  and  pallor  an  edematous  condition.  It  is  into  this  loose 
soft  tissue  that  the  budding  parenchyma  extends  at  first.  But  soon 
it  seems  to  reach  a  point  when  it  is  no  longer  necessary  for  it  to  be 
preceded  by  this  new  formation,  and  it  grows  more  rapidly  than  its 
associated  connective  tissue  which  seems  to  be  lost  by  distribution. 
In  breasts  of  women  in  the  seventh,  eighth  and  ninth  months  of  preg- 
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nancy,  |)€riductal  tissue  is  scarcely  to  be  seen,  the  entire  enormous 
lobules  l)eiiig  composed  of  closely  approximated  acini.  The  dense,  or 
seemingly  dense,  |>erilobuiar  connective  tissue  is  thrust  aside  in  some 
manner,  giving  the  impression  that  the  growth  of  each  lobule  is  like 
that  of  a  benign  tumor  in  which  there  is  no  iH-ripheral  infiltration, 
but  only  interstitial  expansion.  The  |)erilobular  tissue  is  not  invaded 
and  opened  up  by  the  acini,  it  is  pushed  aside  and  thinned  more  and 
more  by  the  lobules,  as  they  increase  in  size,  until  it  is  brought  into 
juxtaposition  with  the  interlobular  tissue. 

Secretion  of  fluid  seems  to  begin  almost  as  soon  as  the  parenchyma 
begins  to  grow;  but  it  is  only  after  the  fifth  month  of  pregnancy 
that  expression  of  fluid  from  the  nipple  is  possible.     The  colostrum 


Fig.  14. — Necropsy  specimen  from  normal  breast  of  S.  S.,  white  woman, 
aged  19,  died  one  year  after  having  borne  her  first  baby.  The  breast  shows  rapid 
involution.  In  the  upper  part  of  the  illustration  there  is  a  large  lobule  almost 
entirely  composed  of  periductal  tissue.  Below  are  several  circumscribed  lobules 
more  nearly  corresponding  to  the  textbook  illustrations.  There  are  also  sev- 
eral small  uncircumscriljcd  lobules.    (From  the  Philadelphia  General  Hospital.) 

cells  seem  to  be  the  central  cells  of  the  newly  formed  acini,  vacuolated 
by  fat,  or  filled  with  fatty  molecules  that  escajie  from  the  future  acini 
as  they  are  in  process  of  forming  lumina.  Tiiey  are  relatively  few  in 
ca.ses  in  which  the  secretion  is  scanty,  and  the  lumen  formation  of  the 
acini  delicate,  ;uul  many  when  there  is  much  secretion  and  the  lumen 
formation  considerable.  Sometimes  <|uantities  of  them  collect  in  the 
larger  ducts.  It  did  not  .seem  possible  that  they  were,  as  some  think, 
leukocytes  distended  with  molecular  fat. 
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At  the  end  of  pregnancy,  the  quantity  of  parenchyma  in  the  mam- 
mary glands  varies  greatly  in  different  cases.  In  general,  when 
compared  with  the  quantity  found  in  the  breast  of  full  lactation,  it  is 
surprisingly  small,  and  gives  the  impression  that  lactation  with  adequate 
nutrition  of  the  child  would  be  impossible.  There  must  be  increase 
during  the  first  few  days  postpartum,  greater  than  anything  that  has 
gone  before,  probably  through  the  new  stimulus  resulting  from  the 
application  of  the  child  to  the  breast.  With  the  "coming  of  the  milk" 
all  of  the  newly  formed  acini  dilate  widely  to  an  extent  that  seems  to 
cause  the  rupture  of  some  of  their  walls,  as  many  of  the  larger  ones 
have  portions  of  interacinar  septums  sticking  out  like  stumps  into  their 
spaces.     The   dilatation   causes   the   partitions  between   the  acini   to 
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Fig.  15. — Necropsy  specimen  from  normal  breast  of  S.  S.,  aged  19,  white 
woman,  showing  an  uncircumscribed  and  disrupted  lobule  following  rapid  involu- 
tion. The  patient  had  had  a  baby  the  year  before  she  died.  Fat  cells  can  be  seen 
in  the  interlobular  tissue  at  the  sides  of  the  illustration.  The  periductal  tissue  can 
scarcely  be  recognized  because  of  confused  growth  into  the  perilobular  tissue. 
(From  the  Philadelphia  General  Hospital.) 

become  thin  and  the  cells  to  be  flattened.  The  flattening  of  the  cells, 
together  with  the  presence  of  many  globules  of  fat  in  them,  makes  it 
difficult  to  determine  the  exact  structure  of  the  interacinar  walls,  with 
respect  to  the  presence  or  absence  of  both  maminary  and  basket  cells. 
They  are  probably  both  there,  the  latter  being  compressed  and  difficult 
to  see. 

In  full  lactation  hypertrophy,  the  periductal  tissue  disappears  from 
view;  the  perilobular  connective  tissue  can  no  longer  be   found,  the 
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adipose  tissue  is  completely  absorbed  and  the  interlobular  connective 
tissue  remains  only  as  narrow  strands  separating  large  groups  of  lobules. 
L'pon  more  careful  observation  in  appropriate  cases  the  outline  of  the 
lobules  by  the  perilobular  tissue  can  be  made  out,  and  gives  an  impres- 
sion analogous  to  that  produced  by  the  outlining  of  the  lobules  of  the 
liver  of  rodents  by  the  bands  of  jjeriportal  connective  tissue. 

Thus  the  breast  attains  its  full  glandular  perfection,  and  is  trans- 
fonm-d  into  a  parenchymatous  structure  composed  of  lobules  of  fairly 
uniform  size,  closely  approximated,  and  made  up  of  newly  formed 
structures,  the  acini.  In  this  state  it  remains  as  long  as  the  mother 
continues  to  lactate.  With  the  weaning  of  the  baby,  the  parenchyma 
ceases  to  be  of  further  use;  it  seems  by  nature  to  be  superfluous,  and 
nature  at  once  begins  the  process  of  getting  rid  of  it. 

TABLE  4. — Synopsis  of  the  Microscopic  Studies  of  Sixty-Eight  Brf.asts 
OF  Women  of  the  Child-Bearing  Age 

Grouiw  ■ 

. ' ^ 

I  II  III  IV  V 

No  lobuln  In  the  Mttlon* 0  o  0  3 

LobuIn,  large  and  numeroix "  3  9  7  0 

I.obules.  large,  but  few 0  1  0  1  0 

I^buleo,   email   0  5  2  3  0 

l.obiilee,   ventlglal— disanpearloc    0  5  11  3  0 

I.obuli's,  »ell  ilrciiiiiwrlwd 0  3  3  2  0 

I.uhules,  not  well  eircumserlbed 0  S  7  4  0 

I.obiilo«.   unllonn    0  1  1  1  0 

I'lTliliJctal  tissue,  eonsplruoiiB 0  2  4  0  0 

I'rrliluetnl  tissue,  not  unlfumily  distributed  In  lobulet  0  5  15  10  0 

I'erlduetal    tissue,   hyaline U  1  0  0  O 

B<sl<lual  laetatlon    aelnl 0  2  2  10 

Mieroeysts     0  1  2  1  0 

Large   duett,    nutnerou* 0  2  3  0  0 

•  firoup  I  Ineludos  the  breasts  of  wonien  known  not  to  have  had  ehlldnn.  microscopic 
conflrmallon;  Group  II.  those  of  women  known  to  have  had  children,  mierosrtiplc  conflrma- 
tlou:  Oroup  III,  those  of  women  known  to  have  l>een  niarrle<l,  mleroscople  evidences  of 
lactation;  Group  IV,  those  of  women  In  whose  history  there  Is  no  Information  as  to  matrl> 
niouy  or  maternity,  but  wiiose  breasts  show  micro»tcopie  evidences  of  lactation,  and  Group  V, 
those  of  women  with  no  history  or  microscopic  evIdeiMH*  of  lactation. 

THE     I.NVOLUTICN     OF     THE     BREAST     AKTEK     LACTATION 

It  mu.st,  of  course,  be  understood  that  the  evolution  of  the  paren- 
chyma may  miscarry  anywhere  along  the  line,  and  further  development 
cease.  Such  a  condition  arises  in  cases  of  aljortion,  mi.scarriage.  refusal 
on  the  part  of  the  mother  to  nurse  her  child,  the  death  of  the  infant  at 
the  time  of  birth,  etc. 

In  these  cases  the  breast  ceases  tfi  evolve,  but  the  occurrence  of 
the  pregnancy  having  I>een  enough  to  initiate  the  formation  of  lobules, 
although  incompletely  developwl,  they  at  once  begin  the  changes  char- 
acteristic of  involution. 

The  process  of  involution  rarely  pnx'ceds  uniformly  and  regularly, 
because  all  parts  of  the  secreting  breast  are  not  uniformly  active  in 
secretion  at  the  same  time  unless  it  is  when  the  child  is  applied  to 
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the  breast  and  the  maximum  of  secretory  stimulation  brought  about. 
The  examination  of  sections  of  breasts  preparing  for  lactation  and 
ceasing  lactation  will  easily  convince  the  observer  of  this,  for  in  both 
cases  there  will  be  found  in  the  same  lobules  of  the  mammary  paren- 
chyma a  number  of  acini  that  apj>ear  of  small  size  and  are  empty, 
and  others  that  are  distended  with  some  kind  of  secretion.  It  seems 
as  though  the  retention  of  the  secretory  function  by  some  of  the  acini, 
and  their  distention  by  the  products  of  that  secretion  interfere  with 
the  uniformity  of  involution.  The  varying  degrees  of  interference 
arising  from  the  varying  conditions  obtaining  in  different  breasts  cause 
remarkable  differences  in  their  microscopic  appearance.     In  the  same 
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Fig.  16. — Necropsy  specimen  from  normal  breast  of  W.  F.,  married  woman, 
aged  26,  no  history.     (From  the  Philadelphia  General  Hospital.) 

way,  the  differing  conditions  obtaining  in  different  parts  of  the  same 
breast,  and  the  differing  conditions  obtaining  in  different  parts  of  the 
same  lobule,  occasion  dissimilarities  in  the  histologic  structure  of  dif- 
ferent parts  of  the  same  breast,  and  of  different  parts  of  the  same 
lobule.  It  is,  therefore,  not  a  simple,  but  a  complex,  series  of  events 
that  characterize  involution,  with  resulting  dift'erent  appearances,  some 
of  which  prove  very  perplexing  because  their  origin  was  not  under- 
stood, and  they  have  been  misinterpreted  by  the  best  patholc^ists. 

The  mammary  lobule  is  a  temporary  and  transitory  structure  that 
usually  exists  in  a  rudimentary  form  before  pregnancy  occurs,  and  is 
destined  to  disappear  after  lactation  is  ended.  The  rapidity  with 
which  the  lobules  disappear  varies  greatly.     In  one  breast  of  a  young 
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woman,  19  years  of  age,  who  had  had  a  baby  one  year  before,  there 
were  a  few  small  lobules  fairly  well  conforming  to  the  textbook 
description,  while  in  the  other  breast  there  was  scarcely  a  single  one. 
The  parenchyma  had  disapi)eared  without  distinct  lobular  formation, 
and  with  tiie  most  bizarre  appearances  of  acinar  and  ductile  vestiges, 
difficult  to  describe,  but  well  shown  in  the  illustration.  On  the  other 
hand,  the  breast  of  a  woman,  87  years  old,  still  contained  a  few 
structures  that  could  be  recognized  as  vestiges  of  the  definite  lobules 
of  long  ago.  It  is  necessary,  though,  to  recognize  rudimentary  lobules 
in  the  virgin,  fully  developed  lobules  during  lactation,  decadent  lobule- 
during  involution,  and  vestigial  lobules  after  the  menopause. 
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Fi(?.  17. — Specimen  of  normal  breast  iioiii  surgical  ca.sc  (.\,  B.,  white  woman, 
aged  40),  showing  the  typical  textbook  lobule.s  that  are  stip|H>sed  to  represent  the 
resting  condition  of  the  gland. 


The  general  tendency  of  the  mammary  gland,  therefore,  seems  to 
be  to  return  to  its  virginal  condition,  and  to  contain  nothing  but  ducts. 
The  fulfilment  of  the  tendency  is,  however,  commonly  interrupted  by 
recurring  pregnancies,  and  the  complications  interfering  with  involution 
to  which  reference  has  already  Iwcn  tnadc. 

Beginning  with  what  seems  to  (Kcur  in  cases  in  whicii  involution 
takes  place  under  most  favorable  conditions,  and  without  complication, 
the  sequence  of  events  seems  to  l>e  somewhat  as  follows.  The  acini 
of  the  lobule  lieing  empty,  and  no  new  secretion  being  produced  to 
fill  them,  they  yield  to  the  pressure  of  the  elastic  tissue  in  their  walls 
and  contract  to  a  smaller  and  smaller  size  until  the  lumen  can  no 
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longer  be  seen.  At  about  the  same  time,  the  cytoplasm  of  the  epithelial 
cells  seems  to  shrink  until  it  becomes  difficult  to  see.  In  the  meantime 
the  periductal  tissue  which  becomes  visible  again  as  the  epithelial 
elements  cease  to  preponderate  over  it  in  importance  shows  multiplica- 
tion of  its  nuclei.  The  result  is  a  remarkable  nuclear  appearance  of 
the  lobule,  whose  other  elements  have  become  so  obscured  that  they 
are  no  longer  recognizable.  So  similar  are  the  nuclei  arising  in  the 
periductal  tissue  and  those  of  the  decadent  epithelial  cells  that  it  may 
be  impossible  to  determine  to  what  kind  of  cell  a  given  nucleus  belongs. 
The  epithelial  cells  undergo  progressive  extinction,  beginning,  to  all 
appearances,  with  those  of  the  peripheral  acini,  and  extending  toward 
the  ducts  which  persist  as  the  alveoli  of  the  classical  lobule.     With 
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Fig.  18.  —  Specimen  from  the  same  llrea^t  as  in  Figure  17,  showing,  to 
the  left  of  the  center,  fat  deposited  in  the  perilobular  tissue.  This  is  very 
rare  in  the  human  breast  but  it  is  the  chief  mode  of  assisting  in  the  removal  of 
the  excessive  parenchyma  in  the  rat  after  lactation  has  ended. 

the  disappearance  of  the  epithelial  cells,  the  lobule  loses  a  great  deal 
of  its  nuclear  appearance  and  comes  to  resemble  more  closely  the 
classical  lobule,  except  that  the  periductal  tissue  seems  to  be  in  excess, 
and  usually  irregularly  distributed,  loose  and  nuclear.  As  time  goes 
on,  the  periductal  tissue  becomes  more  and  more  condensed  or  differ- 
entiated and  the  alveoli  compressed.  The  latter  grow  smaller  and 
.smaller,  and  one  by  one  disappear,  as  the  whole  lobule  shrinks  more 
and  more.  Eventually,  the  once  large  lobule  is  represented  by  a  minute 
congeries  of  alveoli  surrounded  by  a  ver}'  small  amount  of,  or  perhaps 
by  no  di.stinctly  recognizable,  periductal  tissue,  and  a  mere  vestige  of 
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a  lobule  (vestigial  lobule).  In  the  course  of  time  these  also  may  dis- 
appear, and  the  only  parenchyma  to  be  found  in  the  breast  may  be  its 
ducts.  In  cases  with  complicating  conditions,  things  may  progress 
differently. 

The  simplest  form  of  complication  is  conceived  to  result  from  the 
continuance  of  the  function  of  secretion  by  some  of  the  acini  after 
the  greater  number  have  ceased,  a  greater  and  more  disturbing  com- 
plication than  that  which  results  from  the  retention  of  secretion  in 
the  ducts.  This  kind  of  interruption  of  involution  may  affect  all 
of  the  acini  of  a  lobule,  but  far  more  frequently  only  a  few  of 
them.     When   it   occurs,  the  unaffected   acini   undergo  the   changes 


Fig.  19. — Necropsy  specimen  from  the  normal  breast  of  J.  H.,  white  woman, 
aKcd  58.  showing  uncircumscribed  vestigial  lobules  in  the  postclimacteric  breast. 
The  stroma  of  this  breast  was  highly  mucinoid  and  but  slightly  fatty.  (From  the 
Philadi'l|ihia  General  Hospital.) 

already  described,  while  the  atTected  ones  remain  dilated  and  their  cells 
unchanged.  The  .subsequent  events  seem  to  depend  upon  the  duration 
and  permanence  of  the  acinar  dilatation.  Beginning  with  cases  in 
which  the  secretory  function  soon  ceases,  or  the  detained  secretion 
escajjcs,  it  is  found  that  the  emptied  acini,  instead  of  retracting  and 
contracting,  now  collapse,  their  o|)ix).sed  surfaces  falling  together,  so 
that  the  formerly  rounded  spaces  become  fissures  of  crevices  in  the 
cellular  area  representing  the  lobule.  In  such  ca.ses,  which  by  the  way 
are  rare,  the  whole  lobular  parenchyma  seems  sometimes  to  undergo 
disapjjearance  by  softening,  beginning  in  the  more  centrally  situated 
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portion,  and  extending  peripherally,  resolving  itself  into  more  or  less 
unrecognizable  debris,  which  when  later  removed  leaves  an  irregular 
space. 

But  when  the  secretory  function  persists,  or  obstruction  prevents 
the  escape  of  secretion  already  within  the  acini,  the  undilated  acini 
in  the  lobule  follow  the  usual  plan  of  involution,  while  those  that  are 
dilated  remain  unchanged  as  long  as  the  secretion  is  present,  or  at 
least  until  the  periductal  increase,  which  seems  to  lead  to,  or  assist  in, 
the  parenchymatous  extinction,  is  completed,  and  one  of  the  prime 
factors  in  involution  has  disappeared.  The  result  is  the  frequent  pres- 
ence in  lobules,  otherwise  well  advanced   in   involution,  of  single  or 
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Fig.  20. — Necropsy  specimen  from  normal  breast  of  F.  B.,  aged  62.  white, 
widow,  showing  uncircumscrilied  vestigial  lobules  in  the  breast  after  the 
menopause.     (From  the  Philadelphia  General   Hospital.) 

multiple  rounded  spaces,  usually  appearing  at  the  edges  of  the  lobules 
in  the  beginning,  but  projecting  from  the  edges  as  they  grow  smaller, 
and  eventually  becoming  entirely  separated  from  them,  though  still 
in  approximation  to  them  as  their  disappearance  progresses.  Though 
the  acinar  epithelium  elsewhere  disappears,  and  assumes  in  the  alveoli, 
which  represent  its  only  surviving  remnants,  a  crowded  and  indefinite 
arrangement,  that  lining  these  residual  acini  retains  much  its  original 
character  and  appears  as  a  single  layer  of  distinctly  cuboidal.  or, 
even  in  some  cases,  almost  columnar  cells,  possessed  of  considerable 
cytoplasm.  Such  structures  are  present  in  many  sections  of  mammary 
glands,  and  are  commonly  looked  upon  as  sections  of  ducts,  or  groups 
of  ducts. 
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The  occurrence  of  such  acini,  in  varying  degrees  of  moderate 
dilatation,  among  others  naturally  retracted  and  extinguished,  causes 
a  pecuhar  fonn  of  lobular  disruption,  that  constitutes  one  of  the  most 
striking  signs  of  past  lactation.  They  may  be  described  as  uncircum- 
scribed  lobules. 

The  peculiar  behavior  of  the  periductal  tissue  and  the  relatively 
large  quantity  of  it  that  ajjpears  at  the  time  of  involution  lead  to  the 
conclusion  that  it  plays  an  important  part  in  the  extinction  of  the  epi- 
thelium. .\j)iK'aring  as  a  highly  cellular  and  excessively  nucleated 
tissue,  it  s<x)n  passes  beyond  the  nucleated  stage,  and  becomes  fibrillar. 
Its  (|uantity  varies  greatly  in  different  cases,  that  is,  in  the  breasts 


Fig.  21. — Necropsy  specimen  from  normal  breast  of  C.  K.,  aged  8-1,  white, 
widow.  There  are  no  lobules,  but  their  former  position  is  indicated  by  epi- 
thelial lined  fissures  surrounded  by  condensed  connective  tissue  formed  by 
mixture  of  periductal  and  perilobular  tissue.  The  relation  of  the  interlobular 
tissue  to  this  altered  perilobular  tissue  is  well  shown.  (From  the  Philadelphia 
General  Hospital.) 

of  different  per.sons,  in  the  different  breasts  of  the  same  person,  in 
different  jKirts  of  the  same  breast,  and  in  different  parts  of  the  same 
lobule. 

In  what  may  be  regarded  as  tyi)ical  cases  it  is  not  strongly  in 
evidence,  and  the  typical  textbook  lobule  results  from  comparative 
uniformity  in  its  distribution;  but  from  this  it  passes  through  every 
intermediate  step  to  cases  in  which  it  is  so  excessive  as  to  suggest 
lieginning  periductal  fibroma.  In  .some  cases  it  presents  a  mucoid 
appearance,  that  is,  its  fibers  seem  to  be  separated  widely  by  some 
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intermediate  translucent  substance,  as  in  embryonal  tissue.  Under 
these  conditions  it  becomes  striking,  giving  the  decadent  lobule  a  great 
size  and  exaggerated  importance.  Like  the  epithelial  elements  of  the 
parenchyma,  however,  it  seems  doomed  to  final  extinction,  and  it  is 
easy  to  determine  the  truth  of  this  by  the  examination  of  a  series 
of  breasts  of  women  that  have  passed  the  menopause,  in  not  one  of 
which  are  excesses  of  the  periductal  tissue  to  be  found.  In  very  rare 
cases  fat  cells  penetrate  into  the  periductal  tissue. 

Its  final  disappearance  as  an  imjxjrtant  structure  seems  to  take 
place  by  contraction,  by  rearrangement  and  by  confusion  with  the  peri- 
lobular tissue.     For  a  long  time,  it  is  a  distinct  entity  surrounding  the 


Fig.  22. — Necropsy  specimen  from  breast  of  L.  J.,  colored  woman,  aged  19, 
who  died  of  hemorrhage  from  ruptured  ectopic  pregnancy  in  the  third  month  of 
the  second  pregnancy.  The  section  shows  a  new  lobule  developing  to  the  left  of 
an  old  one  in  advanced  involution.     (From  the  Philadelphia  General  Hospital.) 

alveolar  elements,  sharply  separating  itself  from  the  perilobular  tissue 
and  making  a  sharp  boundary  for  the  lobular  structure.  As  the  lobules, 
however,  more  and  more  completely  disappear  in  the  breasts  of  the 
aged,  it  becomes  less  distinct,  blending  more  and  more  with  the  peri- 
lobular tissue,  until  it  may  be  difficult  to  define.  There  are  cases  in 
which  the  breasts  of  old  women  contain  small,  regularlv  formed  atvpical 
parenchymatous  structures  that  may  be  either  rudimentary  or  vestigial 
structures. 

In  estimating  the  rapidity  of  involution,  and  noting  the  di.sappear- 
ance  of  the  lobules  after  the  menopause,  allowance  must  be  made  for 
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certain  circumstances  that  seem  to  play  an  important  role  in  their 
extinction,  namely,  the  age  at  which  the  last  child  was  horn,  and  the 
number  of  children  the  woman  has  had.  Thus,  accepting  47  as  the 
average  age  at  which  tiie  menopause  occurs,  some  women  have  their 
last  child  but  a  year  or  two  before,  others  as  many  as  twenty-five  years 
before.  In  the  former  case  there  will  Ik?  large  quantities  of  parenchyma 
to  be  got  rid  of,  at  the  age  when  the  greater  part  of  it  should  already 
have  disappeared,  and  when  some  exhaustion  of  the  force  of  involution 
might  be  expected. 

Occasional  breasts  contain  large  lobules  years  after  the  menopause, 
and  in  some  cases  small  lobules  as  well  as  vestigial  lobules  can  be  found 
until  old  age.    The  facts  as  given  above,  however,  apply  to  the  average 
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I'ig.  23.  — Necropsy  specimen  from  normal  breast  of  M.  A.,  white  woman,  aged 
87,  married,  showing  a  small  lobule  comi)osed  of  residual  lactation  acini,  with 
degenerated  eosinophilic  cytoplasm  of  the  remaining  epithelial  cells.  Many 
of  the  cells  arc  without  nuclei,  and  some  have  become  fused  into  ill-defined 
masses.  .Ml  of  the  remaining  parenchymatous  elements  in  the  breast  showed 
the  usual  staining  quality.     (From  the  Philadelphia  General  Hospital.) 

case,  and  the  conclusions  are  ba.sed  \i\Mn  the  careful  study  of  fifty-four 
breasts  of  women,  more  than  47  years  of  age. 

Before  dismissing  the  subject  it  is  necessary  to  point  out  that  the 
rapid  growth  and  excessive  development  of  the  periductal  tissue  seem 
to  l)e  a  function  of  youth,  and  that  involution  seems  to  progress  much 
more  rapidly  at  that  time  than  in  later  life. 

It  is  possible  that  with  each  successive  lactation  a  new  grouj)  of 
lobules  evolves  and  declines.  It  is  usually  taught  that  the  second,  and 
later,  lobular  developments  are  through  the  resurrection  of  the  alveoli 
that  have  previously  entered  upon  the  "resting  state."    This  may  need 
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confirmation.  It  is  sometimes  possible  to  see  in  the  breasts  of  those 
that  have  died  early  in  a  second,  or  later,  pregnancy  the  newly  forming 
lobules,  as  well  as  the  relics  of  the  antecedent  ones.  In  one  such  case 
the  new  acini  were  seen  forming  in  close  juxtaposition  to  an  old  lobule, 
but  seemed  to  be  quite  independent  of  its  structure. 

It  may  be,  therefore,  that  the  lobule  having  once  performed  its 
function  declines  toward  final  extinction,  new  parenchyma  for  each 
lactation  being  formed,  as  the  preceding  parenchyma  was,  through 
budding  from  the  ducts. 

The  most  striking  appearances  observed  in  the  course  of  mammary 
involution  result  from  the  survival  of  some  of  the  lactation  acini.  These 


Fig.  24. — Necropsy  specimen  from  normal  breast  of  M.  E.,  colored  woman, 
aged  55,  married,  twice  pregnant.  The  only  lobule  composed  of  residual  lac- 
tation acini  is  shown  in  the  illustration.  It  showed  highly  atrophic  eosinophilic 
epithelial  cells,  with  scarcely  any  intermediate  or  surrounding  periductal 
tissue.  There  was  scarcely  any  dilatation  of  the  acini.  All  the  other 
glandular  tissue  found  in  the  section  had  followed  the  usual  type  of  involution. 
(From  the  Philadelphia  General   Hospital.) 

will  be  spoken  of  as  residual  lactation  acini.  They  are  of  frequent 
occurrence,  present  a  variety  of  appearances,  and  have  been  the  subject 
of  various  and  erroneous  interpretation,  the  most  important  of  which 
is  the  supposition  that  they  are  the  beginning  of  tumor  development. 

RESIDUAL     LACT.^TION     ACINI 

The  residual  lactation  acini  are  undoubtedly  known  to  all  surgical 
pathologists  and  have  attracted  much  attention,  but  few  pathologists 
have  busied  themselves  so  much  in  endeavoring  to  determine  what  they 
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are.  as  in  deterniining  what  they  might  do.  It  was  in  reality  the  latter 
question  that  was  the  starting  point  of  the  present  investigation.  But 
before  it  was  possible  to  answer  that  question  it  was  necessary  to  find 
(Hit  what  tliey  were.  It  seems,  therefore,  best  to  continue  the  considera- 
tion from  that  jKjint  of  view. 

They  are  well  recognized  entities  in  cases  of  cancer  of  the  breast, 
and  occur  in  such  close  relationship  to  the  cancer  nests  as  easily  to 
have  led  to  the  supposition  that  they  are  its  starting  point.  They 
are  not  infrequently  pointed  out  as  the  precancerous  condition — "pre- 
cancerous stage  of  cancer."    They  are  also  frequently  found  in  normal 


Fig.  25. — N'ecr<.|.^.\  ^i.iij.inii  from  normal  l)reast  of  E.  R.,  aged  72,  white, 
married,  mother  of  one  daughter.  Two  minute  cystic  residual  lactation  acini, 
from  the  walls  of  which  short  rounded  stumps  of  preexisting  interacinar 
scplums  project.  These  consist  of  irregularly  cuboidal  or  columnar  epithelial 
cells,  amalgamated  into  coalescent  masses  in  some  of  the  knobbed  processes, 
and  show  markedly  eosinophilic  cytoplasm.  The  nuclei,  when  preserved,  stain 
uniformly  and  intensely.     (From  the  Philadelphia  General  Hospital.) 

breasts,  then  suggesting  other  and  different  explanations,  as,  for 
example,  Krom])echer's  theory  that  they  are  aberrant  sweat  glands 
included  in  the  mammary  .structure.  It  seems  as  though  all  of  these 
opinions  are  hut  the  result  of  inadequate  knowledge  of  the  process  of 
involution  and  the  many  different  appearances  to  which  it  may  give 
origin. 

In  the  present  research  all  of  the  appearances  presented  by  normal 
breasts  collected  at  necropsy  have  been  carefully  collected,  arranged 
in  a  series  that  is  supposed  to  express  the  whole  .sequence  of  events 
ill  involution,  coiniilicated  as  well  as  uncomplicated ;  and  in  this  series. 
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these  curious  residual  lactation  acini  have  their  regular  place.  It  has 
already  been  pointed  out  that  occasional  acini,  singly  or  in  groups, 
sometimes  fail  to  undergo  involution  at  the  regular  time  because  of 
complicating  circumstances.  It  next  becomes  necessary  to  determine 
what  becomes  of  them. 

When  a  single  acinus  is  thus  disturbed,  it  soon  appears  in  a  marginal 
position  because  of  the  disappearance  of  its  fellows,  and  may  even 
seem  to  be  an  entirely  separate  and  independent  entity  of  ductlike 
appearance;  groups  of  acini  meeting  the  same  fate  appear  as  approxi- 
mate ducts,  and  may  be  passed  by  the  microscopist  without  arousing 
interest.    It  seems  possible  that  occasional  structures  of  this  kind  may 


Fig.  26. — Necropsy  specimen  from  normal  breast  of  E.  K.,  white  woman, 
aged  59,  married,  no  additional  data.  The  specimen  shows  a  group  of  residual 
lactation  acini  with  marked  projecting  stumps  of  atrophic  interacinar  partitions. 
The  epithelial  cells  lining  the  spaces  and  covering  the  stumps  are  columnar  in 
shape  and  highly  eosinophilic.  They  are  distinctly  atrophic,  and  confluence  of 
approximated  cells  is  frequent.     (From  the  Philadelphia  General   Hospital.) 


disappear,  or  if  they  were  widely  dilated,  may  contract,  and  substan- 
tially change  their  appearance,  the  lining  epithelial  cell  layer  being 
thrown  into  wrinkles,  and  the  cells  crowded  and  compressed  so  as  to 
appear  to  be  present  in  several  layers,  to  be  elongated,  columnar  and, 
in  rare  instances,  of  spindle  shape.  On  the  other  hand,  the  space  may 
undergo  further  dilatation  through  the  addition  of  fluid  contents,  until 
a  microcyst  is  formed.  Under  these  circumstances  the  space  becomes 
surrounded  with  flattened  epithelium.  They  usually  escape  much  atten- 
tion, being  supposed  to  be  dilated  ducts. 
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If  instead  of  single  acini,  groups  of  theni  or  considerable  parts 
of  the  lobule  become  residual,  a  ditTerent  api)earance  results.  Atrophy, 
either  as  a  manifestation  of  the  general  process  of  involution  or  from 
the  pressure  exerted  by  the  dilated  spaces,  may  cause  the  interacinar 
septums  to  disapjHfar,  and  the  neighboring  spaces  to  coalesce  into 
a  larger  space,  either  regular  in  shape  if  filled  with  fluid,  or  irregular 
if  j)artly  empty,  and  made  peculiar  and  striking  in  apjiearance  by  the 
presence  of  relics  of  the  former  partitions  that  remain  projecting 
from  the  margins  in  the  form  of  stumps  that  may  be  simple  and  sug- 
gest folds  or  wrinkles,  or  complicated  and  suggest  jiapillary  excrescences. 
So  long  as  the  lining  epithelial  cells  are  not  substantially  altered, 
even  these  may  be  overlooked,  or  regarded  as  evidences  of  unimpor- 
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!•  i^.  2i . —  .\nin(i>_\  >|nAiiinii  iHMii  iMiitiiai  iitt-a^i  (»j  .\.  \\  ,,  i,'>.<»i i-tl  woman, 
aged  40.  Nothing  concerning  the  personal  history  of  this  patient  could  be  found 
out.  Her  breasts,  however,  showed  such  quantities  of  parenchyma  in  advanced 
involution  that  there  seemed  to  be  no  doubt  of  antecedent  lactation.  The  irregu- 
larity of  involution  and  the  delay  in  the  atrophy  of  a  few  acini  of  a  lobule 
are  well  shown,  as  is  also  the  thinned  interacinar  partitions,  some  of  which 
seem  to  be  rupturing.  In  this  case  the  epithelial  cells  had  not  yet  assumed 
the  eosinophilic  quality  that  comes  with  advanced  atrophic  change.  (From 
the  Philadelphia  General  Hospital.) 

tant  proliferation  of  benign  character.  But  if,  as  so  commonly 
liai)pens,  the  cells  take  on  a  highly  eosinophilic  staining  quality,  the 
whole  formation  becomes  so  striking  in  appearance  as  to  excite  interest 
and  give  rise  to  sjieculation.  Such  spaces,  lined  with  eosinophilic 
ei)ithelial  cells  seem  occasionally  to  retract,  their  crowded  cells  becoming 
compressed,  assuming  either  a  columnar  or  the  spindle  shaj^e.  The  cells 
may  also  occur  in  several  layers;  the  acini  may  continue  to  dilate,  and 
the   interspaces   to  attenuate   until    neighlwring  acini,   of   large   size. 
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become  separated  by  mere  shreds  of  interacinar  connective  tissue,  with 
epithelial  cells  on  either  side.  These  later  attenuate  to  the  point  of 
rupture,  when  neighboring  spaces  coalesce  with  the  formation  of  cysts. 
It  makes  no  difference  whether  the  rupture  of  the  partitions  comes 
early,  while  they  are  relatively  thick,  or  later  when  they  are  thinned 
by  distention ;  the  end-result  is  the  same.  There  is,  in  either  case,  the 
formation  of  a  larger  space  into  which  the  vestiges  of  the  original 
partitions  project  as  stumps,  covered  on  both  sides  with  the  same  eosin- 
ophilic epithelium  that  originally  lined  the  acini.  In  a  few  cases  the 
spaces  collapse,  their  walls  fall  together,  and  there  result  slitlike  spaces 
of  elongated  shape,  like  empty  ducts. 

More    frequently,    however,    the    spaces    continuously    dilate    until 
they   become  cysts,   varying   in   size    from    visibility   to   several   centi- 
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Fig.  28. — Necropsy  specimen  from  normal  breast  of  \.  C.  white  woman, 
aged  55,  married,  showing  a  group  of  residual  lactation  acini.  The  partition  walls 
are  extremely  attenuated  and  some  have  ruptured,  leaving  stumps  projecting. 
Eosinophilia  was  just  appearing  in  some  of  the  cells  in  this  area.  (From  the 
Philadelphia   General   Hospital.) 

meters  in  diameter  ("blue  domed  cysts"  of  Bloodgood).  in  the  begin- 
ning lined  with  high  columnar  eosinophilic  epitheliimi,  sometimes  in 
several  layers,  later  with  cuboidal  cells,  still  later  with  flattened  cells, 
and  finally  without  distinct  cells  of  any  kind. 

The  varying  appearances  presented  in  different  cases  and  at  dift'erent 
times  by  the  residual  lactation  acini,  may  be  arranged  serially  as 
follows : 

1.  Single  acini,  or  groups  of  acini  that  differ  from  their  fellows 
in  the  same  lobule,  in  that  they  escape  involution  and  remain  dilated. 
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2.  Similar  structural  units,  remaining  at  the  edges  or  near  the 
periphery  of  lobules  well  advanced  in  the  pnxress  of  involution.  They 
are  lined  with  single  or  multiple  layers  of  epithelial  cells  like  those  of 
the  acini  in  general,  though  sometimes  the  cells  are  more  columnar  in 
shape  and  more  crowded. 

3.  Similar  units,  with  all  of  the  described  qualities,  occurring  in 
the  perilobular  tissue,  and  seemingly  apart  from  any  lobules. 

4.  tiroups  of  such  units,  the  individual  members  of  which  are  sepa- 
rated from  one  another  by  considerable  intervals  of  fibrillar  connective 
tissue. 

5.  firoujjs  whose  members  are  separated  by  narrow  intervals, 
scarcelv  coiisistiii<;  of  more  than  a  double  row  of  epithelial  cclU. 
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FJK.  i^. — Necropsy  specimen  iroin  iiurmal  breast  ot  B.  i).,  white  woman,  aged 
75.  married,  showing  three  residual  lactation  acini  very  indistinctly,  because  the 
eosinophilic  quality  of  the  cells  was  so  marked  as  to  make  it  difficult  to  photo- 
graph their  fed  bodies.  The  partitions  are  thin  but  have  held,  and  there  are 
no  stumps.  The  spaces  give  the  impression  of  partial  collapse.  (From  the 
Philadelphia  Cicneral  Hospital.) 


6.  (iroups  in  which  the  contraction  of  the  space  crowds  the  epi- 
thelial cells  and  cau.ses  them  to  encroach  upon  the  linnen,  with  an 
appearance  of  proliferation. 

7.  Groups  in  which  distention  of  the  space  results  in  the  formation 
of  microcysts,  with  various  epithelial  cell  linings. 

8.  droups  in  which  the  ej)ithelial  cells  early  ac<|uire  an  eosinophilic 
staining  quality,  and  a  relatively  large  size.  Such  quality  may  charac- 
terize any  of  the  groups  previously  mentioned. 

9.  (Iroups  of  any  of  the  foregoing  in  which  the  atrophy  of  the 
interme<liate  partitions  l)etween  'he  units  causes  them  to  coalesce. 
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10.  Groups  of  such  kind  in  which  the  stumps  of  the  partitions 
remain  projecting  into  the  common  space,  covered  with  epitheHum  of 
the  same  quality  as  that  which  lines  the  spaces. 

11.  Cystic  dilatation  of  such  coalescent  acinar  spaces,  with  gradual 
obliteration  of  the  projecting  stumps  of  the  original  interacinar  spaces. 

12.  Cysts  that  may  be  several  centimeters  in  diameter,  formed 
through  the  dilatation  of  single  or  coalescent  acini  of  any  of  the  forms 
mentioned. 

13.  Irregular  crevices  or  spaces  in  the  tissue  of  the  breast  that 
follow  atrophy  of  the  interacinar  partitions  and  collapse  of  the  acini. 

Thus,  the  careful  study  of  what  is  to  be  found  in  the  normal 
breast  in  its  various  stages  of  involution,  and  the  arrangement  of  the 
peculiar  modifications  of  the  process  of  involution  in  series,  leads  to 
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Fig.  30. — Necropsy  specimen  from  normal  breast  of  F.  B.,  aged  68.  white 
widow,  showing  several  residual  lactation  acini;  the  larger  with  stumps  of 
atrophied  interacinar  septums  projecting  from  the  upper  side.  The  scanty  epi- 
thelial lining  was  highly  eosinophilic  in  quality  and  cells  had  frequently 
coalesced.     (From  the   Philadelphia  General   Hospital.) 

the  inevitable  conclusion  that  the  "Schweiszdriisen"  of  Krompecher,  the 
"cyst-adenoma"  of  Schimmelbusch,  the  "senile  parenchymatous  hyper- 
trophy" of  Bloodgood,  the  "abnormal  involution"  of  Warren,  the 
"secondary  epithelial  hyperplasia"  of  McCarthy,  etc.,  are  no  more  than 
variations  in  the  involutional  process,  in  which  residual  lactation  acini 
appear  in  various  conditions  of  retrogressive  change. 

One  of  the  first  to  call  attention  to  the  presence  of  the  residual 
lactation  acini,  and  to  connect  them  with  the  process  of  involution,  seems 
to  have  been  Charles   Creighton,   in  his  book   "Contributions  to  the 
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Physiology  and  Patholog)-  of  the  Breast,"  published  in  1878.  He, 
however,  made  the  error  of  supposing  that  they  were  abnormal,  and, 
as  others  have  ever  since  done,  assumed  that  they  were  the  starting 
|K)int  of  malignant  tumors. 

Creighton  saw  the  changes  in  the  mannnary  gland  of  a  bitch,  and 
as  it  seemed  to  him  to  be  a  striking  variation  from  the  normal,  con- 
cluded that  it  must  be  abnormal.  Mad  he  studied  many,  instead  of  a 
few,  glands,  he  might  have  come  to  a  diflferent  conclusion. 

But  this  brings  up  the  pertinent  question  of  its  normality  or  abnor- 
malitv.      The    niammarv    glands    tiiat    formed    the    material    for    this 


I-Ik-  ■>'• — Surgical  .specimen  from  the  breast  of  a  married  woman  of  whose 
licrsonal  hi.story  no  data  could  be  obtained,  showing  the  smallest  of  a  group  of 
small  cysts.  The  organ  was  supposed  to  be  cancerous,  b.ut  no  disease  was  found. 
The  irregular  epithelial  lining  shows  well,  and  the  stumps  of  the  former 
intcracinar  septums  are  numerous.  All  of  the  epithelium  is  highly  eosinophilic; 
many  of  the  cells  are  shapeless,  and  some  have  coalesced.  The  debris  seems 
to  be  composed  of  eosinophilic  cell  remnants. 

research  were,  as  nearly  as  could  be  determined,  normal;  that  is,  they 
were  taken  at  necropsy  from  organs  seemingly  normal,  and  from  the 
Ixulies  of  those  that  had  not  complained  of  breast  troubles  during 
life.  The  authorities  of  the  hospital  from  which  most  of  the  material 
was  obtained   do  not   permit   the   mutilation   of  bodies   upon   which 
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necropsies  are  performe(i,  and  are  strict  about  the  number  and  char- 
acter of  the  incisions  permitted,  so  the  removal  and  examination  of  the 
entire  breast  was  not  possible.  Fragments  alone  were  obtained  for 
examination,  removed  from  the  back  of  the  breast  exposed  as  the 
tissues  were  dissected  from  the  chest  wall.  In  most  cases  the  amount 
of  tissue  was  small,  and  selected  without  any  definite  purpose  in  view. 
A  more  thorough  exploration  might  have  afforded  added  opportunity 
of  demonstrating  the  presence  of  the  residual  lactation  acini.  But  of 
the  material  obtained  in  this  somewhat  haphazard  fashion,  twenty- 
three    of    the    150    mammary    glands    showed    their    presence — 15.33 


Fig.  32.— Necropsy  specimen  from  normal  Ijreast  of  A.  McL.,  aged  66,  white, 
widow,  with  one  child,  showing  a  group  of  microcysts.  Two  of  them,  on  the 
right,  show  interacinar  stumps  and  have  eosinophilic  epithelium.  (From  the 
Philadelphia  General  Hospital.) 

per  cent.     Is  that  to  be  regarded  as  abnormal  that  occurs  in  such  a 
large  number  of  cases? 

But  inasmuch  as  a  number  of  the  cases  were  inappropriate  for 
the  discovery  of  the  residual  lactation  acini  because  the  women  from 
whom  they  were  taken  had  never  lactated,  the  percentage  rises  when 
it  is  based  upon  the  cases  in  which  it  ought  to  appear.  Among  the  150 
cases,  there  were  ninety-two  in  which  the  women  were  known  to  have 
been  married  or  to  have  had  children,  and  of  these  the  residual  lacta- 
tion acini  occurred  in  twenty-three,  or  25  per  cent.     Thus,  it  seems 
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that  one  fourth  of  the  women  whose  breasts  have  been  functionally 
active  show  this  modification  of  involution,  even  though  the  examina- 
tion of  their  breasts  was  suixirficially  made.  The  average  age  of  the 
women  in  whose  breasts  residual  lactation  acini  were  found  was  59 
years.    The  youngest  was  33,  the  oldest  103  years. 

But  the  final  confirmation  of  the  theory  rests  upon  the  demonstra- 
tion of  residual  lactation  acini  in  the  breasts  of  women  that  have  been 
pregnant,  and  their  constant  absence  from  the  breasts  of  others.  This 
requirement  it  is  impossible  to  fulfil  because  of  the  impossibility  of 


FiK-  33. — Surgical  specimen  sliowitiK  a  group  of  cysts,  distinctly  visible  to  the 
naked  eye,  in  relation  to  the  involuted  lobule  from  whose  dilated  elements  they 
sprang.    These  cysts  have  smooth  walls. 


accurately  determining  who  had  and  who  had  not  been  pregnant  among 
women,  some  of  whom  may  for  a  variety  of  reasons  conceal  or  deny  it. 

The  following  plan  seemed  to  l)e  an  appropriate  means  for  reaching 
the  truth  as  nearly  as  possible: 

I.  The  determination  of  the  percentages  of  married  and  single 
women  among  the  cases  of  normal  breasts  secured  at  necropsy,  in 
which  the  residual  lactation  acini  were  found.  The  results  were: 
cases.  23 :  married,  23 — 100  per  cent. ;  single,  0 — 0  per  cent. 
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II.  As  the  presence  of  residual  lactation  acini  is  one  of  the  criteria 
for  the  diagnosis  of  the  condition  variously  described  as  chronic  cystic 
mastitis,  abnormal  involution,  cyst-adenoma,  etc.,  to  assemble  as  many 
of  these  surgical  cases  as  possible,  and  determine  the  percentages  of 
married  and  single  women  among  them. 

The  results  were:  McManes  Laboratory  of  Pathology,  University 
of  Pennsylvania,  4  cases ;  Laboratory  of  Surgical  Pathology,  University 
of  Pennsylvania,  26  cases;  Laboratory  of  Gynaecological  Pathology, 
University  of  Pennsylvania,  8  cases ;  Laboratory  of  Surgical  Pathology, 
Medico-Chirurgical  Hospital,  Philadelphia,  13  cases;  Laboratorj'  of 
the  Lankenau  Hospital,  Philadelphia,  15  cases,  and  Laboratory  of  the 
Presbyterian  Hospital,  Philadelphia,  1  case ;  total,  67  cases. 


Fig.  34. — Surgically  removed  but  normal  breast  of  M.  M.,  aged  i2,  white, 
one  child.  It  shows  a  collection  of  microcysts,  with  smooth  walls  and  cuboidal 
epithelial  lining.  The  cells  are,  however,  highly  eosinophilic.  (From  the 
Philadelphia  General  Hospital.) 

These  were  divided  thus:  cases,  67:  married.  53 — 79.1  per  cent., 
single,  8 — 11.94  per  cent.;  unknown,  6. 

III.  By  collecting  all  of  the  cases  of  cancer  of  the  breast,  combined 
with  the  condition  mentioned  above,  and  determining  the  percentages  of 
married  and  single  women,  there  were:  cases,  13:  married,  12 — 92.3 
per  cent.;  single,  1 — 7.7  per  cent. 

IV.  By  histologic  examination  of  the  breasts  of  the  "single"  and 
"unknown"  cases  to  see  what  they  show  in  the  way  of  signs  of  ante- 
cedent pregnancy  and  lactation.  Of  such  cases  there  were:  "single," 
normal  cases  from  necropsy,  0;  benign  surgical  cases,  8;  malignant 
surgical  cases  (cases  with  cancer),  1  ;  "unknown",  6;  total,  15. 
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In  every  one  of  these  fifteen  cases,  there  were  appearances  highly 
suggestive  of  postlactation  involution.  But,  as  local  disturbances  some- 
times arouse  tiie  mammary  tissue  to  develoi)  large  lobules  like  those 
of  pregnancy — as  in  the  surroundings  of  the  encapsulated  benign 
tissues  studied  with  Bloodgood — it  is  not  possible  to  be  certain  that 
these  women  were  parous. 

\'.  If  residual  lactation  acini  are  of  frequent  occurrence  in  the 
mammary  glands  of  women,  and  have  the  origin  ascribed  to  them, 
they  ought  also  to  occur  in  the  mammary  glands  of  animals.  That  they 
do  is  a  matter  ea.sy  of  demon.stration.  In  two  of  the  mammae  of  the 
first  bitch  subjected  to  examination,  they  were  found  in  abundance,  and 
in  the  most  characteristic  form,  with  the  typical  eosinophilic  epithelial 


Fig.  35. — Necropsy  specimen  from  normal  breast  of  E.  S.,  white  woman,  aged 
44,  married,  showing  early  form  of  residual  lactation  acini  in  a  breast,  most  of 
which  shows  ordinary  and  regular  involution.  Note  that  only  the  upper  left 
part  of  the  lobule  is  affected,  and  that  the  dilated  acini  are  partly  filled  with 
amorphous  matter.  The  pale  appearance  of  the  cells  of  the  affected  area  as 
contrasted  with  the  rest  is  due  to  their  eosinophilic  character.  ( From  the 
Philadelphia  General  Hospital.) 

cells.  Indeed,  in  these  glands,  almost  the  entire  gamut  of  the  involution 
process  could  be  followed.  .Analogous  ap|)earanccs  were  al.so  found 
in  the  mammae  of  rats,  though  less  typical,  and  lacking  the  eosinophilic 
character  of  the  cells. 

.Attempts  to  ascribe  a  (Utiiiitc  time  limit  to  the  involution  of  the 
mammary  ])arenchyma  after  lactation  have  l)een  without  results.  It 
seems  to  take  place  more  rapidly  in  youth  than  Jater  in  life,  so  that  the 
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age  at  which  the  individual  became  pregnant  would  affect  it.  Repeated 
pregnancies  obscure  the  picture,  through  the  introduction  of  new 
lobules,  if  they  do  not  revive  already  existing  ones.  The  time  at  which 
the  involution  process  is  begun  must  have  great  influence,  because  of 
the  varying  quantities  of  parenchyma  to  be  dealt  with.  Thus,  in  cases 
of  abortion  or  miscarriage,  complete  lactation  hypertrophy  does  not 
occur,  and  involution  begins  in  a  gland  only  partly  evolved.  If  the 
child  is  born  dead,  or  if  the  mother  refuses  to  nurse  it,  though  the 
parenchyma  be  fully  formed,  it  may  not  reach  full  secretory  activity, 
and  more  easily  undergoes  involution  than  when  it  has  secreted.  If 
the  secretion  fails,  the  acini  will  perhaps  be  empty,  and,  the  infant 
being  artificially  fed,  the  breast  undergoes  involution  unimpeded  by 


Fig.  36. — Specimen  from  normal  breast,  surgically  removed,  of  \.  B.,  aged 
40,  white,  single,  showing  area  of  residual  lactation  acini  which  was  found 
among  normally  appearing  lobules  of  the  textbook  variety.  The  rupture  of 
numerous  interacinar  partitions  is  shown.  When  such  rupture  occurs  the  cells 
are  more  highly  eosinophilic  than  elsewhere;  but  the  preservation  of  the  area 
is  too  perfect  to  permit  much  eosinophilia.  In  various  places  the  interacinar 
stumps  are  distinct. 

accumulations  of  its  own  products.  In  any  case  the  drainage  of  the 
mammary  tissue  may  be  unequal  in  diiTerent  parts,  and  those  that 
empty  completely  may  atrophy  more  quickly  than  others  in  which  some 
secretion  is  retained.  So  many  factors  thus  combine  to  complicate  the 
process  in  human  beings  that  it  is  difficult  to  arrive  at  any  conclusion, 
especially  when  to  all  the.se  there  must  be  added  the  inability  to  obtain 
precise  information  regarding  the  history  of  the  patient. 
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But  what  is  known  is  that  in  some  cases,  as  that  of  the  young 
woman  of  19  years,  to  wliom  reference  has  already  \>cvn  made,  most 
of  the  parenchyma  had  disappeared  within  a  year  after  the  birth  of 
her  baby,  while  in  others,  it  remains  for  many  years.  In  one  case,  that 
of  a  woman  whose  history  is  well  known,  the  second  child  was  born 
when  she  was  about  27.  At  about  43  a  breast  was  removed  for 
"abnormal  involution  with  susjjicion  of  cancer."  In  it  a  tiny  scirrhous 
carcinoma  was  found,  entirely  too  small  to  have  been  recognized 
clinically,  and  all  stages  of  mammary  iiu'olution  were  found,  among 
them  a  few  lolmles  that  still  showed  unchanged  lactation  hypertrophy 
resembling  that  seen  in  the  fully  acting  breast,  sixteen  years  after 
lactation.      Between    them    and   advanced    involution   of    the   lobules 
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Fig.  37. — Necropsy  specimen  from  normal  lireast  of  E.  H.,  aged  60,  white, 
married,  one  child.  This  beautiful  area  of  residual  lactation  acini  was  some- 
what injured  in  preparation,  and  was  too  highly  eosinophilic  to  photograph 
well.  It  shows  all  stages  from  fairly  well  preserved  acini  to  cystically  dilated 
spaces  without  epithelial  linings.  Some  of  the  spaces,  such  as  that  at  the 
lower  left,  show  interacinar  stumps  covered  with  highly  eosinophilic  cells. 
(From  the  Philadelphia  General  Hospital.) 

there  was  every  intermediate  stage.  What  caused  these  lobules  to  remain 
unchanged  throughout  all  those  sixteen  years  could  not  Ik"  detemiined. 
Seeing  that  a  few  or  many  of  the  mammary  lobules  may  thus 
remain  exempt  from  involution  for  so  long  a  period,  and  that  in  many 
cases  involution  is  very  slow,  it  is  not  surprising  that  through  delay 
in  the  involution  of  occasional  units  of  the  mammary  structure  the 
residual  lactation  acini  may  appear.  Nor,  having  apjjeared,  ought  it 
be  regarde<l  as  remarkable  that  they  may  persist. 
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But  with  the  lapse  of  time  they  are  Hkely  to  undergo  certain 
changes.  One  of  the  earhest  and  most  striking  of  these  is  the  occur- 
rence of  the  eosinophiHc  quality  of  the  cytoplasm  of  the  cells.  In 
some  cases  this  seems  to  make  its  appearance  early;  in  others,  late. 
Naturally,  this  is  only  a  deduction,  not  a  demonstrated  fact,  and  is 
based  upon  the  observation  that  it  may  occur  in  acini  situated  in  the 
midst  of  lobules  in  an  early  stage  of  involution,  at  other  times  in  groups 
of  acini  whose  surroundings  show  them  to  be  old,  and  in  aged  women. 

In  many  cases,  accumulated  products  of  degeneration  may  be 
observed  in  the  spaces  formed  by  the  coalescence  of  closely  approxi- 
mated acini,  evidently  composed  of  the  detritus  of  the  desquamated 
and  disintegrated  epithelial  cells  set  free  by  the  wasting  and  rupture 


Fig.  38.— Specimen  from  a  woman's  breast,  surgically  removed  and  suspected 
of  being  carcinomatous.  No  other  data  available.  No  tumor  of  any  kind  was 
present,  but  several  areas  of  residual  lactation  acini  were  found,  one  of  which  is 
shown  in  the  illustration.  The  atrophy  of  the  interacinar  partitions  is  marked, 
and  the  eosinophilic  quality  of  the  epithelial  cells  well  developed.  The  area  shown 
in  the  illustration  shows  unruptured  partitions,  stumps  of  ruptured  partitions, 
and  amalgamated   masses  of  cells. 

of  the  interacinar  partitions.  The  residual  lactation  acini  dififer  greatly, 
however,  in  this  respect.  Many  are  empty,  some  contain  a  little,  some 
are  nearly  filled  with  matter  of  varying  quality,  some  like  jelly,  some 
granular,  and  some  composed  of  pellets  of  amorphous  matter,  which 
in  one  case  was  found  to  have  calcified,  with  the  formation  of  laminated 
chalcospheres.  Some  of  these  accumulations  may  be  as  old  as  the  acini 
themselves,  and  may  have  been  the  source  of  the  obstruction  to  which 
the  retardation  of  involution  has  been  ascribed ;  but  others  are  undoubt- 
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edly  relatively  recent.  It  seems,  moreover,  that  to  their  presence  may  be 
referred  the  subsequent  distention  of  the  acini  with  the  formation  of 
cysts  that  seem  to  be  of  frequent  occurrence.  In  regard  to  these  it  is 
not  assumed  that  they  act  only  or  even  chiefly  as  sources  of  obstruc- 
tion, but  as  material  whose  transformation  is  accompanied  by  the  for- 
mation of  chemical  products  whose  affinity  for  water  leads  to  its 
accumulation  with  dilatation  of  the  spaces.  It  is  with  the  development 
of  cysts  of  large  size  or  considerable  number  that  such  cases  become 
known  to  the  surgeon  from  whom  the  patients  seek  advice,  and  by 
whom  they  are  commonly  ojjcrated  on. 


I'ig.  39. — Specimen  showing  an  area  of  residual  lactation  acini  in  a  breast 
surgically  removed  for  suspected  cancer.  \o  data  concerning  the  patient  was 
available.  There  was  no  tumor,  and  no  other  disease.  The  group  of  spaces  is 
highly  characteristic.  Numerous  acini  are  not  much  changed;  others  are  united 
as  the  result  of  atrophy  of  the  interacinar  septums ;  relics  of  septums  project  in 
many  places  as  stumps,  some  of  which  are  reduced  to  budlike  masses  of  amal- 
gamated eosinophilic  epithelial  cells. 

Since  the  term  chronic  cystic  mastitis  has  been  adopted  by  Blood- 
good  in  his  recent  pa|>er,  it  will  l)e  adopted  here.  Chronic  cystic  mas- 
titis, though  described  in  the  textbooks,  and  elaborately  discussed  in 
many  journal  articles,  is  in  reality  a  vague  disturbance.  The  age  at 
which  it  usually  makes  its  appearance  corresponds  fairly  well  with  the 
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child  bearing  period.  It  is  clinically  characterized  by  vague  discomfort 
in  one  or  both  breasts,  which  when  examined  are  found  to  be  tender 
and  to  contain  one  or  several  ill-defined  indurations,  or  "lumps,"  which 
sometimes  confuse  the  surgeon  by  seeming  to  be  present  at  certain 
times  and  absent  at  others. 

It  is  pathologically  characterized  by  cysts,  occurring  singly  or  in 
groups,  surrounded  by  condensed  stroma,  in  which  mammary  tissue 
in  various  quantity  and  different  conditions  is  present.  One  of  its 
striking,  but  not  invariable,  characteristics  is  the  presence  of  parenchy- 
matous structures,  like  exaggerated  acini,  or  ducts,  lined  with  more  or 
less  distinct  columnar  epithelium,  from  the  walls  of  which  simple  or 


Fig.  40. — Necropsy  specimen  of  normal  breast  of  T.  S.,  aged  40,  colored, 
widow,  said  not  to  have  had  children,  a  statement  which  the  histologic  struc- 
ture of  the  breast  makes  very  doubtful.  The  illustration  shows  one  of  the 
groups  of  spaces  looked  upon  as  residual  lactation  acini.  It  is,  however,  in  an 
advanced  state  of  atrophy  with  destructive  transformation  of  nearly  all  of  the 
cells.  Projecting  stumps  with  eosinophilic  coalescent  cells  may  still  be  seen  in 
the  space  at  the  fight  edge.     (From  the  Philadelphia  General  Hospital.) 

dendritic  projections  extend  into  the  lumina.  Such  lobules  as  appear 
in  the  examined  tissite  commonly  present  inequality  of  the  periductal 
tissue. 

Bloodgood's  ^  article  is  one  of  the  most  masterly  and  comprehensive 
articles  that  have  appeared  on  the  subject,  and  is  based  on  the  macro- 
scopic and  microscopic  examination  of  350  cases — an   overwhelming 


1.  Bloodgood,  J.  C. :  The  Pathology  of  Chronic  Cystic  Mastitis  of  the  Female 
Breast,  .^rch.  Surg.  S:44S   (Nov.)   1921. 
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volume  of  material,  well  studied,  and  well  analyzed.  If,  however,  he 
had  not  fallen  into  one  of  the  most  frequent  errors  to  be  avoided  in 
pathologic  work,  that  of  conijxiring  the  cases  with  one  another,  instead 
of  with  the  normal  breast,  the  article  would  probably  have  been  written 
in  some  other  form,  and  the  cumbersome  nt)mcnclature  with  which  it 
terminates  omitted. 

Now  when  the  findings  in  chronic  cystic  mastitis  are  carefully 
analyzed,  and  compared  with  the  findings  in  the  normal  breast,  they 
resolve  themselves  into  very  little,  apart  from  the  presence  of  the  cysts. 
Taking  first  the  condition  of  the  stroma,  it  will  be  recalled  that  one  of 
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Fig.  41. — Section  of  a  surgically  removed  breast,  showing  residual  lactation 
acini  similar  to  those  seen  in  Figure  40. 

the  tir.st  observations  made  in  the  present  research  was  that  unless  there 
was  j)resent  some  distinctive  disturbance,  such  as  round-cell  infiltration, 
hemorrhage  or  calcification,  nothing  could  be  learned  frt>m  its  study 
liecause  of  the  extreme  variability  of  its  normal  structure.  The  pres- 
ence of  a  growing  cyst,  pushing  aside  the  fibrous  tissue  and  causing 
atr()])hy  of  the  ;idipose  tissue,  may  give  the  stroma  unusual  density  by 
conden.sation,  but  that  is  not  chronic  inflammation.  The  illustrations  in 
Hloodgood's  article  show  no  disturbances  that  cause  the  stroma  to 
(litTer  from  that  seen  in  the  normal  breast. 

When  the  periductal  tissue  is  prominent,  and  especially  when  it 
lacks  uniformity  of  distribution  in  the  lobules,  the  condition  is  referred 
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to  by  Bloodgood  as  chronic  cystic  mastitis,  but  that  is  the  condition  of 
the  same  tissue  in  nearly  all  of  the  lobules  of  the  normal  breast.  Noth- 
ing is  shown  as  a  pathologic  change  in  this  tissue  that  is  not  perfectly 
paralleled  in  the  normal  breasts  that  form  the  basis  of  the  present 
research. 

It  must,  therefore,  be  the  parenchyma  to  which  one*  is  compelled  to 
look  for  the  specific  changes.  And  here  firm  ground  seems  at  first  to 
have  been  reached,  for  there  are  many  illustrations  bearing  the  legend 
"papillary  cyst-adenoma." 

That  designation  for  residual  lactation  acini  has  so  frequently  been 
dwelt  on — not  exactly  that,  but  "cyst-adenoma" — that  it  immediately 
demands  careful  study  of  the  illustrations  to  see  how  what  is  repre- 


Fig.  42. — Xccrup»y  5j)eciirn.n  fiuiu  uoinial  hreast  of  R.  K..  >iiiiu  >MMimii.  aged 
54,  married,  showing  a  large  lobule  of  residual  lactation  acini  in  which  there  has 
been  very  little  atrophic  change.  The  irregular  slits  in  the  parenchyma  seem 
to  be  originally  dilated  spaces  that  have  collapsed.  The  epithelial  cells  every- 
where are  in  a  fair  state  of  preservation  but  are  very  pale,  with  pale  vesicular 
nuclei,  and  slightly  eosinophilic  clear  cytoplasm.  The  general  appearance  is 
like  that  seen  in  many  cases  shortly  after  lactation,  except  for  the  altered 
staining  quality.     (From  the  Philadelphia  General  Hospital.) 


sented  may  differ  from  what  has  been  the  main  subject  of  the  present 
research.  Comparison  shows  that  there  is  no  difference ;  they  are  the 
same.  One  is,  therefore,  compelled  to  question  whether  there  is  really 
anything  to  be  found  in  these  cases,  except  the  cysts,  that  may  not  be 
present  in  the  normal  breast  in  some  stage  of  its  involution,  with  the 
inevitable  discovery  that  there  is  not. 
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Chronic  cystic  mastitis,  therefore,  seems  to  resolve  itself  into  no 
more  than  the  occurrence  in  the  breast  of  cysts  of  larger  than  usual 
size  after  ix)st!actati<)n  involution,  the  other  associated  disturbances 
being  no  more  than  errors  of  interpretation  based  on  inadequate 
familiarity  with  the  details  of  the  involution  process. 

It  seems,  therefore,  that  there  being  no  mastitis  in  these  cases,  there 
can  be  no  chronic  cystic  mastitis,  and  all  that  occurs  is  the  presence  of 
cysts  of  a  size  larger  than  that  reached  in  the  course  of  involution. 
But  one  matter  of  serious  import  is  to  be  considered,  and  that  is  the 
emphasis  laid  on  "adenoma,"  "cyst-adenoma"  and  above  all  on  "papil- 
lary cyst  adenoma"  in  Bloodgood's  paper. 


Fig.  A3. — Necropsy  specimen  iroiii  normal  Uredbt  ui  li.  !•'.,  atjcU  56,  white, 
widow,  showing  area  of  residual  lactation  acini  in  which  the  atrophic  changes 
are  further  progressed  than  in  Figure  42.  The  rounded  space  on  the  left  still 
shows  the  skeleton  of  its  acinar  structure,  while  the  irregular  one  on  the  right 
leaves  one  in  doubt  as  to  its  nature.  It  might  he  either  a  completely  trans- 
formed lohule  or  a  duct  filled  with  debris,  such  as  must  eventually  result  from 
further  degeneration  in  the  other.  Scarcely  any  cells  are  recognizable  except 
by  their  form  and  position,  and  all  are  eosinophilic.  (From  the  Philadelphia 
(ienrral  Hospital.) 

The  employment  of  these  terms  for  the  explanation  of  what  could 
not  be  satisfactorily  accounted  for,  namely,  the  dilated  acini  with  their 
eosinophilic  epithelium,  and  occasional  mural  papillary  projections, 
termed,  in  this  article,  residual  lactation  acini,  was  first  introduced  by 
Schimmelbusch. 
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It  is  probable  that  Scbimnielbusch  had  just  as  inadequate  informa- 
tion on  the  manifold  appearances  presented  by  the  breast  in  involution 
as  any  other  pathologist,  and  that  he,  therefore,  made  a  mistake.  But 
it  is  a  pity  that  it  should  be  perpetuated  by  continued  application  to 
appearances  common  to  a  large  number  of  the  mammary  glands  of 
human  beings  and  animals  during  mammary  involution. 

Bloodgood  goes  farther  and  seems  entirely  to  disregard  the  fact 
that  the  mammary  glands  of  women  that  have  recently  lactated  contain 
large  lobules,  and  in  his  illustrations  he  applies  the  term  "nonencapsu- 
lated  adenoma"  to  nearly  all  of  the  normal  mammary  parenchyma  that 
appears  in  his  sections.  Thus  the  reader  is  left  with  the  impression 
that  the  mammary  gland  is  peculiar  in  that  it  may  be  the  seat  of  "encap- 
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Fig.  44. — Necropsy  specimen  ironi  ncirmal  lireast  of  J.  F.,  aged  75,  white, 
widow,  nine  times  pregnant.  The  residual  lactation  acini  in  this  case  are  less 
distinct  and  less  regular  than  those  that  have  preceded  it,  and  the  cells  lack 
the  eosinophilic  quality.  The  shape  and  general  arrangement  of  the  structure, 
however,  leave  one  in  little  doubt  as  to  its  origin.  (From  the  Philadelphia 
General  Hospital.) 

sulated"  and  "nonencapsulated"  adenomas,  the  latter  of  which  in  no 
way  diiTer  in  appearance  from  the  normal  mammary  tissue,  and  of  an 
uncircumscribed  tumor,  the  "cyst-adenoma"  which  diffuses  itself 
throughout  the  breast,  or  occurs  at  multiple  foci. 

Schimmelbusch's  "cyst-adenoma"  is  a  mi.'^interpretation.  It  ascribes 
to  the  decadent  residual  lactation  acini  an  importance  of  which  they 
are  unworthy,  and  leads  to  the  belief  that  they  are  vital  growing  things, 
when  the  evidence  is  strikingly  in  favor  of  their  being  precisely  the 
opposite. 
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From  the  examination  of  some  single  section,  in  which  a  group  of 
the  residual  lactation  acini  are  well  preserved  and  provided,  as  some- 
times happens  with  several  rows  of  epithelial  cells,  or  in  which  the 
collapse  of  the  decadent  acini  causes  crowding  of  the  cells  at  particular 
points,  it  may  sometimes  l)e  su|;gested  that  the  api)earances  are  pro- 
liferative; but  after  many  cases  have  been  studied,  one  becomes  over- 
whelmed with  the  evidence  to  the  contrary,  manifested  by  the  eosin- 
ojihilic  cytoplasm,  tiie  presence  of  anudear  eel!  remnants  among  the 
still  living  cells,  the  frequent  desquamation  of  the  cells  without  their 
regeneration,  the  contraction  and  condensation  of  many  of  the  groups 
of  acini,  the  necrotic  residuum  of  amorphous  matter  that  collects  in 
the  older  lesions,  and  the  general  inactivity  of  the  cells,  and  other  fea- 
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Fig.  45. — Necropsy  speciiiicn  troni  normal  brca.st  of  H.  }.,  aged  103,  widow, 
showing  vestiges  of  residual  lactation  acini  of  great  age,  Imt  still  with  enough 
of  the  remaining  skeleton  of  the  original  lobule  to  explain  their  source.  The 
cells  were  so  atrophic  as  scarcely  to  be  recognizable,  and  their  remains  were 
eosinophilic.  Kxcept  for  these  few  ves'.igcs  the  lobular  (larenchyma  of  the  gland 
had  virtually  disappeared.     (From  the  Philadelphia  General  Hospital.) 

tiires  not  easy  to  describe.  Beyond  all  this,  there  is  the  absence  of  any 
evidence,  in  spite  of  the  study  of  many  cases,  to  show  that  the  forma- 
tions ever  do  anything  or  develo])  into  anything. 

It  is  im|x)ssible,  however,  to  neglect  the  jjapillary  prcKesses  whose 
presence  has  excited  .so  much  interest  and  has  led  to  the  cases  in  which 
they  occur  being  called  "|)ai)illary  cyst-adenoma."  They  certainly  are 
I)eculiar  and  striking  formations ;  but  they,  like  so  many  others  seen  in 
connection  with  involution,  have  certain  qualities  by  which  their  nature 
and  origin  are  betrayed.  As  a  rule  they  are  few  in  number,  simple  in 
structure,  do  not  interfere  with  one  another,  and  not  infrequently  stand 
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opfKJsite  one  another.  These  features  are  in  marked  contrast  to  other 
papillary  excrescences — as,  for  example,  those  found  in  the  cysts  of  the 
kidney  and  thyroid,  where  the  number  is  usually  large,  the  structure 
complexly  branched,  and  the  different  formations  crowded  together  so 
as  to  interdigitate. 

The  decadent  quality  of  the  eosinophilic  protoplasm  of  the  epithelial 
cells  covering  the  processes,  the  adhesiveness  that  causes  adjacent  cells 
to  coalesce,  and  the  occasional  occurrence  of  considerable  masses  of 
still  separated  ghosts  of  cells  without  nuclei,  have  already  been  referred 
to  as  far  more  indicative  of  retrogression  than  of  vegetation.  But  the 
slightest  efifort  of  the  imagination  is   sufficient  to  enable  the  broken 


Fig.  46. — Specimen  from  a  married  woman,  no  history.  In  this  lohule  the 
epithelial  cells  have  all  disappeared,  though  the  interacinar  framework  partly 
remains — a  rare  circumstance. 


partitions  to  be  reconstructed  into  the  interacinar  reticular  framework, 
and  the  cystic  space  into  an  involuting  lobule.  There  seems,  therefore, 
to  be  good  reason  for  abandoning  the  idea  that  in  these  residual  lacta- 
tion acini  the  first  stages  of  tumor  formation  are  to  be  seen,  as  well  as 
the  consequent  fear  that  they  may  terminate  in  something  malignant. 

This  now  introduces  the  remaining  question  connected  with  the 
residual  lactation  acini,  namely,  the  relation  they  may  bear  to  cancer. 
The  thought  that  they  may  originate  cancer  is  widespread,  and  its 
origin  not  far  to  seek.     The  circumstance  most  feared  in  every  dis- 
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turbance  of  the  breast  is  "malignancy,"  and  as  its  occurrence  is  very 
mysterious,  and  cannot  be  explained  at  i)resent,  the  custom  has  been 
to  examine  every  breast  offered  for  study  for  such  structural  altera- 
tions and  irregularities  as  might  lead  to  it.  Naturally,  such  striking 
objects  as  the  residual  lactation  acini  could  not  lie  overlooked,  and  there 
l)eing  no  ready  explanation  of  their  meaning,  they  were  gladly  seized 
on  as  the  probable  starting  point  of  tumor  growth.  In  support  of  this 
view,  the  frequent  concurrence  of  cancer  with  residual  lactation  acini 
was  dwelt  on.  The  cancer  nests  were  shown  to  be  in  close  juxtajKJsi- 
tion  to  the  formations  of  suspicious  nature  that  were  not  understood, 
and  it  seemed  as  though  the  one  might  have  developed  through  trans- 


Fig.  47. — Necropsy  specimen  from  normal  breast  of  J.  C,  aged  75,  white, 
widow.  This  patient  was  a  hemiplegic  with  a  leg  ulcer,  and  was  in  the  Phila- 
delphia (General  Hospital  for  a  long  time.  She  was  so  frequently  transferred 
from  ward  to  ward  that  there  are  many  "charts."  liut  the  one  with  her  per- 
sonal history  could  not  be  found.  In  the  lobule  shown,  the  muisual  increase 
in  the  periductal  tissue  interfered  with  the  union  of  many  of  the  residual  lac- 
tation acini.     (From  the  Philadelphia  (ieneral   Hospital.) 


formation  of  the  other.  Cancer  cells  freijuently  appear  in  the  acinar 
s})aces  among  their  own  peculiar  epithelium,  an<l  many  have  supposed 
that  they  were  able  to  find  the  transition  steps  between  the  one  and  the 
other. 

The  almost  universally  accepted  theory  of  mammary  cancer,  of  the 
present  day,  teaches  that  the  cancer  cells  arise  through  metamorphosis 
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of  the  mammary  cells  themselves — that  they  are  but  the  lawless 
descendants  of  those  cells.  This  may  be  true,  but  it  is  at  present  only 
a  theory,  never  having  been  proved.  No  one  has  ever  seen  the  begin- 
ning of  cancer.  But  once  a  theory  meets  with  acceptance,  it  becomes  a 
fact  to  the  complacent  mind.  It  is  more  easy  to  accept  it  than  to 
combat  it,  and  if  it  seems  satisfactorily  to  explain  the  condition,  why 
upset  it? 

So  firmly  is  the  theory  rooted  in  the  minds  of  pathologists  of  the 
present  day  that  it  is  by  no  means  unusual  for  a  microscopist,  examin- 
ing a  section  of  a  cancer  to  select  a  microscopic  field,  and  to  demonstrate 


Fig.  48. — Necropsy  specimen  from  normal  Ijreast  of  M.  C,  aged  51,  white, 
married  twice,  had  three  children  and  two  miscarriages.  The  menopause  had 
occurred  five  years  previously;  her  husband  had  died  three  years  previously. 
As  in  Figure  47,  the  arrangement  of  the  periductal  tissue  has  modified  the 
process  of  involution,  and  the  destruction  of  the  interacinar  septums  has  resulted 
in  the  formation  of  an  irregularly  elongated  space  the  margins  of  which,  degen- 
erated eosinophilic  cells,  and  collections  of  cellular  and  amorphous  debris  betray 
its  origin.     (From  the  Philadelphia  General  Hospital.) 


in  it  the  primary  rupture  of  the  basement  membrane  of  some  glandular 
unit,  from  which  the  cells  are  escaping  and  beginning  their  lawless 
invasion.  A  moment's  reflection  ought  to  make  him  realize  that  such 
a  demonstration  necessarily  implies  that  cancers  have  continuous  and 
successive  beginnings,  for  which  there  is  no  authority,  since  examina- 
tions by  serial  sections  have  repeatedly  shown  the  entire  cancer  mass, 
with  all  of  its  extensions  and  prolongations,  to  be  continuous. 
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In  intiltrating  cancer  of  the  mammary  gland  it  is  really  more  rea- 
sonable to  suppose  that  the  cancer  cells  lawlessly  and  invasively  pene- 
trating the  tissues  are  finding  their  way  into  the  acini,  than  that  the 
acinar  cells  are  escaping  to  form  the  cancer.  If  the  theory  of  "cyst- 
adenoma"  is  abandoned,  and  that  of  residual  lactation  acini  adopted, 
the  relation  of  the  lesions  to  cancer  can  be  examined  without  prejudice, 
and  to  advantage ;  for  under  these  circumstances  it  will  probably  occur 
to  the  student  that  as  most  women  become  pregnant,  and  later  nurse 
their  offspring,  the  breasts  of  most  women  when  examined  niicro- 
scopiially  must  show  parenchyma  in  some  stage  of  involution,  and  as 


Fig.  49. — Necropsy  specimen  from  normal  liita>i  of  A.  G.,  aged  40,  colored, 
widow,  showing  residual  lactation  acini  surrounded  hy  rinds  of  combined  peri- 
ductal and  |)eiilobular  tissue  similar  to  that  shown  in  Figure  21.  The  atrophy 
of  the  parenchyma  is  so  complete  that  the  origin  of  the  peculiar  spaces  might 
remain  inexplicable  without  the  study  of  the  scries  of  cases  by  which  it  is 
preceded.  .■\ll  of  the  cells  are  in  an  advanced  .state  of  degeneration.  There 
is  no  proliferation.  The  degeneration  of  the  cells  and  partitions  has  led  to 
the  formation  of  transformation  products  of  rounded  amorphous,  more  or  less 
hyaline,  appearance  in  the  spaces.     (From  the  Philadelphia  General  Hospital.) 


residual  lactation  acini  are  of  frequent  occurrence  in  consequence  of 
lactation  hypertrophy,  at  least  one  fourth  of  the  breasts  may  contain 
them.  It,  therefore,  ceases  to  be  a  matter  of  concern  or  surprise  that 
a  breast  examined  for  malignant  disease  shall  contain  residual  lactation 
acini,  with  or  without  cancer.  The  frequency  with  which  each  occurs 
determines  that  they  must  frequently  coexist. 
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But  it  has  been  argued  that  the  relation  of  the  cancer  to  the  residual 
lactation  acini  is  too  close  to  be  accidental ;  it  must  be  incidental. 
There  are  many  more  cancer  cells  in  those  spaces  than  elsewhere,  and 
metamorphosis  of  the  lining  epithelium  into  cancer  cells  can  be  fol- 
lowed. The  same  thing  has  been  argued  with  respect  to  the  acini,  the 
alveoli  and  the  ducts  of  the  mamma  itself.  In  the  absence  of  the 
residual  lactation  acini,  the  origin  of  the  neoplasm  is  traced  to  the 
normal  structures ;  in  their  presence,  to  the  supposedly  abnormal  ones. 
The  logical  outcome  of  this  reasoning  seems  to  be  that  the  residual 
lactation  acini  are  no  more  likely  to  be  the  starting  point  of  the  malig- 


Fig.  50.  —  These  residual  lactation  acini,  discovered  in  a  breast  removed 
for  chronic  cystic  mastitis,  show  what  n-.ay  be  looked  upon  as  a  possibly 
later  and  final  stage  of  what  was  shown  in  Figure  49.  The  parenchyma 
having  reached  the  stage  of  complete  degeneration,  the  hyaline  products  have 
calcified,  with  the  formation  of  numerous  small  calcospherites  which  are 
enclosed  in  a  relatively  clean  walled  pocket. 

nant  growth  than  the  rest  of  the  parenchyma,  when,  of  course,  they 
lose  their  significance  and  importance.  They  may,  however,  effect  a 
close  relationship  between  the  growth  of  the  cancer  and  the  parenchyma 
of  the  gland  in  that  they  provide  spaces  into  which  the  cancer  easily 
infiltrates.  Their  decadent  tissue  may  yield  more  readily  to  the  invasion 
than  the  more  normal  structures,  and  the  spaces  they  form  may  afford 
easy  opportunity  for  the  accumulation  of  cancer  cells  which  mix  with 
the  preexisting  cells  before  extinguishing  and  replacing  them. 
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It  seems,  from  all  this,  that  the  conclusion  that  the  irregularities  of 
iiivohition.  including  the  residual  lactation  acini,  have  nothing  to  do 
with  the  origin  of  cancer  is  justified.  The  suspicion  arose  through 
misunderstanding  and  misinterpretation  of  the  normal  process.  Very 
pertinent  in  this  connection  is  the  closing  jjaragraph  of  Bloodgood's 
paper:  "When  good  pathologists  disagree  as  to  malignancy,  the  patient 
lives;  when  there  is  agreement,  there  is  always  a  large  percentage  of 
deaths."  It  is  not  difficult  to  account  for  this  state  of  affairs.  All  of 
the  good  pathologists  know  cancer  when  they  see  it,  but  few  of  them 


i  ;^.  .M  1  his  breast  was  surgically  removed  and  in  it  a  very  small  scirrhou!> 
carcinoma  was  found.  The  patient  had  lactated  twice,  the  second  time  six- 
teen years  l)eforc  the  operation.  .Ml  the  modifications  of  involution  were  found, 
including  the  area  of  full  lactation  hypertrophy  shown  in  the  illustration,  with 
no  other  change  than  eosinophilia  of  the  atrophic  epithelial  cells,  some  of 
which  had  coalesced.  The  stumps  of  interacinar  septums  are  numerous  and 
striking. 


are  sufficiently  acquainted  with  the  conditions  obtaining  in  the  normal 
involution  of  the  breast  to  be  sure  that  such  of  its  i)eculiarities  as  they 
see  for  the  first  time  are  not  abnormal  and  indicative  of  a  malignant 
change.  Thus  they  fully  agree  with  resi)ect  to  the  former,  and  disagree 
about  the  latter. 
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THE     CYSTS     OF     THE     BREAST 

Cysts  are  like  tumors  in  that  after  they  attain  a  certain  size  it  is 
no  longer  possible  to  determine  from  exactly  what  structures  they 
arose.  In  the  present  connection  it  is  unnecessary  to  consider  any 
kinds  other  than  those  that  arise  through  disturbance  of  the  paren- 
chyma of  the  breast.  Such  are  extremely  common  and  there  seems 
to  be  very  little  objection  to  the  general  statement  that  they  arise  from 
very  small  beginnings. 


Fig.  52. — The  area  shown  in  tlic  illustration,  iro;".i  the  s_mc  llrca.^;  as  that 
shown  in  Figure  51,  was  far  away  from  the  cancer,  and  shows  involution  of 
several  lobules,  the  atrophy  of  the  interacinar  partitions  and  slight  transforma- 
tion of  the  epithelial  cells — ^"blasse-epithelzellen"  giving  the  impression  of  dilated 
ducts  filled  with  cells.  The  explanation  of  the  cellular  structure  will  become 
evident  upon  examination  of  the  following  illustrations  of  the  same  field  under 
a  higher  magnification. 


The  examination  of  the  material  embraced  in  the  present  research 
suggests  that  there  are  only  two  sources  from  which  they  may  originate, 
the  ducts  and  the  residual  lactation  acini. 

In  forty-nine  of  the  150  cases  studied,  the  sections  showed  more  or 
less  rounded  openings,  visible  to  the  naked  eye,  which  microscopic 
examination  proved  to  be  epithelial  lined  spaces,   for  the  most  part 
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recognizable  as  ducts,  but  some  of  which  were  the  residual  lactation 
acini.  In  most  cases  they  ap])care(l  empty ;  but  some  were  filled  with 
jelly.  In  all  cases  it  seemed  that  distention  was  present  or  had  been 
present.  These  were  microcysts.  and  as  such  the  larger  cysts  probably 
begin. 

Two  of  the  sections  were  from  virgins  (women  that  had  not  borne 
children),  all  the  others  were  from  parous  women.  In  only  two  cases 
were  there  cysts  having  a  diameter  of  more  than  0.5  cm.  This  does  not 
signify  that  this  is  the  proportion  of  the  larger  cysts  among  normal 


Fig.  53. — The  "blasse-epithrlzellen"  now  appear  as  traiisf<inned  and  atrophic 
cells  of  the  acini  of  the  mammary  lol)iiIc.  the  framework  <>i  which  shows  well. 
The  deformed  and  flattened  decadent  nuclei  must  not  be  mistaken  for  mitotic 
figures.    The  canst-  of  the  swelling  and  pallor  of  the  cells  is  not  known 

breasts,  but  that  cases  containing  cysts  were  avoided  by  those  collecting 
the  material,  as  it  was  esi)ecially  stipulated  that  only  normal  breasts 
were  desired,  and  naturally  breasts  containing  cy.sts  were  regarded  as 
abnormal.  The  only  usefulness  of  the  material  collected,  as  far  as 
the  study  of  cysts  is  concerned,  is  an  opportunity  to  discover  the  prob- 
able sources  of  cyst  formation. 

Cyst  formation  is  referable  to  secretion  or  exudation  associated  with 
retention  from  obstruction.    If  the  obstruction  is  complete,  the  amount 
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of  secretion  or  exudation  necessary  to  form  a  cyst  need  be  very  small ; 
if  incomplete,  it  must  be  larger  in  proportion  to  the  opportunity  for 
outflow,  in  order  that  it  can  accumulate.  Cysts  resulting  from  complete 
obstruction  must  be  but  slightly  variable,  growing  larger  as  fluid  is 
added  to  their  contents,  smaller  if  it  is  absorbed,  or  remaining 
unchanged  if  neither  condition  occurs.  Cysts  following  incomplete 
obstruction  may  vary  considerably  according  to  the  additions  and  sub- 
tractions that  may  occur  in  their  contents. 

The  secretory  function  of  the  breast  is  not  confined  to  the  cells  of 
its  acini,  but  is  shared  by  those  of  its  ducts.  It  has  already  been  shown 
that  the  first  activity  of  the  breast,  the  secretion  of  the  "witclvs  milk" 
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Fig.  54. — Mammary  gland  of  a  bitch  that  had  had  pups.  It  shows  typical 
residual  lactation  acini,  the  epithelial  cells  of  the  larger  having  the  typical 
eosinophilic  cells,  which,  of  course,  cannot  be  shown  in  the  illustration. 

takes  place  from  the  ducts,  as  does  the  occasional  serous  secretion  of 
the  breasts  of  men,  and  of  virgins  at  the  menstrual  periods.  In  the 
breast  of  the  parous  woman,  in  the  intervals  between  pregnancy,  and 
perhaps  after  the  menopause,  some  secretion  may  also  occur  from  this 
source,  under  certain  conditions. 

The  cysts  that  follow  involution — those  of  chronic  cystic  mastitis — 
usually  contain  clear  serous  fluid,  and  most  of  the  distention  takes  place 
in  the  ducts.  It  may,  therefore,  be  concluded  that  they  arise  rather  from 
exudation  than  from  secretion,  and  that  the  acini  and  milk  secretion 
have  nothing  to  do  with  them.  But  the  involution  process  has  every- 
thing to  do  with  them,  for  it  leads  to  the  collection  of  varying  quanti- 
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ties  of  debris  of  various  kinds,  in  the  ducts,  occasioning  |>artial  obstruc- 
tion by  material  that  cannot  be  washed  out  by  the  fluid,  but  must  be 
retained  until  its  own  retrogressive  changes  transform  it  to  an  extent 
permitting  absorption.  In  the  meantime,  the  transformation  pro<lucts 
may  Ix-  the  source  of  exudation,  and  their  affinity  for  water  the  cause 
of  accumulation. 

N'isibie  evidence  of  this  can  be  found  in  almost  every  breast  after 
lactation.  Many  of  the  ducts  contain  cylindric  gelatinous  formations 
like  the  tube-casts  common  in  the  kidney  in  certain  diseases.  In  others 
there  are  cylinders  containing  an  admixture  of  what  appear  to  be 
colostrum  corpuscles  ;  in  still  others  collections  of  fatty  granules.  Occa- 
sional ductlike  spaces  are  found  to  be  filled  solidly  with  peculiar- 
appearing  pale  cells,  the  "Blasse-epithelzellen"  of  Borstand  Wohlsecker. 
These  have  excited  considerable  interest  from  time  to  time,  and  various 
si)eculati(>ns  iiave  been  indulged  in,  in  an  attempt  to  account  for  them. 
Nearly  all  jjathologists  seem  to  conclude  with  the  assumption  that  they 
are  evidences  of  proliferative  activity  on  the  part  of  the  epithelial  cells, 
and  are  indicative  of  im|>ending  malignant  change. 

This  seems  to  be  a  misinterpretation.  Such  appearances  when 
present  in  the  normal  sections  seemed  not  to  arise  through  the  ])rolifera- 
tion  of  cells  within  ducts,  but  through  the  decadence  of  cells  of  acini  in 
process  of  involution.  In  those  cases  in  which  involution  proceeds 
without  any  increase  in  the  periductal  tissue,  and  the  partitions  between 
the  neighboring  .icini  fail  to  recover  from  the  attenuation  <lepending 
on  the  extension  to  which  they  are  subjected  during  the  full  lactation 
hypertrophy,  the  epithelial  cells,  not  being  crowded  and  condensed  by 
the  retraction  of  the  interacinar  partitions,  nor  through  the  prolifera- 
tion of  the  periductal  tissue,  seem  sometimes  to  enlarge  and  become 
pale.  The  substance  of  an  entire  lobule  I>ecomes  a  pale  mass  sur- 
rounded by  the  interlobular  tissue  against  which  it  seems  to  abut  with 
a  definite  outline.  The  impression  is  easily  mistaken  for  a  duct  filled 
with  epithelial  cells.  In  reality  it  is  a  lobule  surrounded  by  perilobular 
tissue.  .\  close  examination  with  a  high  power  lens  will  frequently 
show  the  structure  to  be  composed  of  groups  of  cells  corresponding 
to  acini,  the  central  lumen  of  which  is  no  longer  visible  becau.se  of  the 
enlargement  and  altered  character  of  the  cells. 

The  seminecrotic  remnants  of  the  centrally  situated  cells  of  the 
residual  lactation  acini,  together  with  the  remnants  of  the  intermediate 
partitions,  frequently  form  considerable  accumulations  in  their  s|)aces, 
and  may  be  followed  by  cystic  distention  just  as  in  the  ducts. 

.\n  examination  of  many  breasts  shows  these  appearances  following 
involution:  (1)  occasional  pin-head  sized  cysts;  (2)  numerous  pin- 
head  sized  cysts  scattered  throughout  the  breast;  (3)  pin-head  sized 
cysts  collected  in  groups  in  some  part  of  the  breast ;  (4)  pea  or  marble 
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sized  cysts  occurring  according  to  one  of  the  above  described  plans  of 
distribution;  (5)  cysts  similar  to  those  described  above  in  size  and 
distribution,  but  filled  wth  darker  fluid,  some  reddish,  some  chocolate; 
(6)  single  or  divided  cysts  as  large  as  hen's  eggs,  usually  filled  with 
clear  serous  fluid. 

It  seems  to  be  the  cysts  that  are  the  chief  factors  in  calling  the 
attention  of  the  patient  to  the  fact  that  there  is  something  unusual 
about  the  breast.  And  it  is  easy  to  understand  that  this  is  probably  the 
result  of  the  pressure  exerted  by  the  cyst  in  its  growth.  The  degree 
of  sensory  disturbance  may  well  be  in  proportion  to  the  composition  of 
the  stroma  of  the  organ.  If  it  is  largely  fatty,  or  if  there  are  large 
quantities  of  the  mucinoid  tis.sue,  the  pressure  may  scarcely  be  felt; 
but  if  it  is  more  fibrillar,  and,  therefore,  less  distensible,  the  enlarging 
cyst  may  call  attention  to  itself  through  sensitiveness  or  pain. 

The  induration  of  the  tissue  adjacent  to  the  cysts  can  easily  be 
accounted  for  by  the  compression  and  condensation  of  the  surrounding 
stroma.  The  occurrence  of  the  cysts  in  certain  quadrants  of  the  breast 
can  be  explained  on  the  assumption  that  those  portions  did  not  drain 
so  well  as  others,  so  that  contents  were  retained  with  the  unfavorable 
consequences,  retardation  of  involution  and  the  formation  of  residual 
lactation  acini,  etc. 

The  cysts  are  of  no  significance  in  the  occurrence  of  malignant 
change.  It  is  true  that  occasional  cysts  are  found,  in  the  wall  of  which 
a  cancer  is  situated;  but  this  is  to  be  looked  on  as  an  accident  of 
association.  The  cyst  and  the  cancer  were  both  there,  growing  side 
by  side,  and  as  each  enlarged,  the  cancer  came  eventually  to  trespass 
on  the  wall  of  the  cyst.  The  relation  is  the  same  as  that  of  cancer  to 
residual  lactation  acini. 

CONCLUSIONS 

1.  The  breasts  of  young  virgins  are  comptosed  of  a  stroma  of  pure 
fibrillar  tissue  which  shows  an  increasing  mucinoid  transformation  with 
increase  of  years.  Into  the  stroma,  adipose  tissue  begins  to  find  its 
way  toward  middle  life,  increasing  until  in  old  age  the  stroma  is  largely 
fatty.  The  parenchyma  of  the  virgin  breast  always  contains  many 
canellated  ducts.  It  may  be  without  lobules,  may  contain  only  rudi- 
mentary lobules,  or  may  contain  well  developed  lobules  in  rare  cases. 

2.  The  mammary  lobule  develops  in  response  to  stimuli  that  may  be 
either  local  or  general.  Pregnancy  is  its  chief  source,  and  it  seems  to 
be  only  under  its  influence  that  full  lactation  hypertrophy  is  reached. 
The  lobules  arise  through  budding  from  the  ducts  as  determined  by  the 
.stimuli.  At  any  stage  of  development,  the  disappearance  of  the  stimu- 
lus is  followed  by  retrogression  or  involution  of  the  lobule,  whether 
throughout  the  breast  or  locally. 
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3.  The  lobules  constituting  the  parenchyma  of  the  breast  in  dif- 
ferent pregnancies  are  not  necessarily  the  same.  There  is  some  reason 
to  sup{X)se  that  for  each  pregnancy  there  is  a  different  crop  of  lobules. 

4.  Involution,  the  atrophy  of  the  no  longer  needed  lobules  is  a 
complicated  process  whose  details  vary  in  diflferent  individuals,  in  the 
different  breasts  of  the  same  individual,  and  in  different  parts  of  the 
same  breast,  according  to  local  and  general  conditions. 

5.  One  of  the  most  important  .sources  of  the  modification  of  involu- 
tion is  retention  of  secretion.  Its  effect  is  in  proportion  to  its  extent 
and  distribution,  and  is  without  regularity. 

6.  Its  most  striking  result  is  the  appearance  of  residual  lactation 
acini. 

7.  Residual  lactation  acini  are  harmless  decadent  structures  having 
no  significance  in  respect  to  the  subsequent  aj)pearanct'  of  malignant 
disease. 

8.  The  accumulated  cellular  and  amorphous  debris  resulting  from 
involution  sometimes  obstructs  the  outlets  of  the  ducts  and  acini,  leading 
to  retention  of  secretion  and  exudation  of  fluid  with  cyst  formation. 
The  cysts  may  result  from  dilatation  of  either  the  ducts  or  the  residual 
lactation  acini. 

9.  The  cysts  may  be  of  a  size  varying  from  that  of  a  pin-head  to  a 
hen's  egg  and  may  be  single  or  multiple,  uniformly  disseminated,  or 
c<)llecte<l  in  groups.  They  usually  have  smooth  walls  and  clear  serous 
contents. 

10.  The  pressure  exerted  on  the  surrounding  tissue  by  the  growing 
cyst  gives  rise  to  sensory  disturbances  that  vary  in  intensity  according 
to  the  firmness  or  softness  of  the  stroma.  In  a  breast  with  stroma 
largely  mucinoid  or  adipose,  they  may  occasion  no  symptoms. 

11.  The  cysts  are  benign  and  harmless.  If  they  become  large  their 
excision  may  be  indicated  to  make  the  i)atient  more  comfortable. 

12.  Cancer  cysts  are  not  specific  entities.  They  are  the  result  of 
the  accidental  coexistence  of  cysts  and  cancer  in  the  same  breast. 
( )riginal  contiguity  followed  by  increase  in  the  size  of  each  determines 
final  continuity. 

13.  The  .so-called  chronic  cystic  mastitis  is  not  inflammatory,  and  is 
not  a  pathologic  entity ;  it  is  nothing  but  a  result — or  at  most — a  \>er- 
version  of  involution. 

14.  It  would,  therefore,  be  desirable  to  abandon  the  term,  and  call 
the  condition  "cystic  disturbance  of  the  breast,"  or  if  it  seems  better 
to  retain  one  of  the  older  designations,  that  of  Warren — "abnormal 
involution" — is  probably  least  objectionable.  The  only  difficulty  lies 
in  clearly  defining  when  the  prtK'ess  of  involution  can  be  said  to  l)ecome 
abnormal,  when  it  is  so  diversified. 
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15.  The  term  "adenoma"  should  be  used  only  when  speaking  of 
the  encapsulated  tumors  of  the  breast.  Parenchymatous  increases  of 
unencapsulated  or  diffu.sed  form  are  hypertrophies  and  not  related  to 
tumors. 

16.  There  is  no  "cyst  adenoma"  of  Schimmelbusch.  The  term  is 
objectionable  because  it  makes  it  appear  as  though  a  tumor  existed 
where  no  tumor  is.  The  appearance  on  which  the  name  depends  is 
that  result  of  involution  to  which  the  name  residual  lactation  acini  has 
here  been  given,  and  which  can  easily  l)e  found  in  one  fourth  of  all 
breasts  that  have  lactated. 
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This  paper  is  to  serve  as  an  introduction  to  a  series 
of  studies  dealing  witli  aneurysm ;  it  contains  general 
statistical  data  on  tli6  incidence,  location,  sex,  age, 
race,  number  and  recorded  diagnoses  of  321  aneurysms 
studied  postmortem  at  the  Philadelphia  General  Hos- 
pital and  the  Hospital  of  the  University  of  Pennsyl- 
vania. These  data  are  compared  with  similar  publi- 
cations from  patht)logic  and  clinical  sources,  so  that 
the  sum  total  of  aneurysm  on  which  certain  phases  of 
this  investigation  were  undertaken  is  well  above  3,CXX). 
Osier's '  conception  of  an  aneurysm,  "a  tumor  con- 
taining blood  in  direct  contact  with  the  cavity  of  the 
heart,  the  surface  of  a  valve,  or  the  lumen  of  an 
artery,"  has  been  adopted ;  and  although,  as  Dr.  Osier 
points  out,  this  definition  does  not  include  every  con- 
dition now  spoken  of  as  an  aneurysm,  it  covers  the 
lesions  studied  in  this  paper.  We  have  limited  our- 
selves to  aneurysm  of  the  heart  and  its  valves,  and  of 
the  aorta  and  the  arteries  within  the  body  cavity 
("intracor|)oreaI"  aneurysms).  .Aneurysms  of  the 
peripheral  and  of  the  intracranial  vessels  are  not  here 
included. 

GENERAL     INCIDENCE;     RELATIVE     FREQUENCY     IN 
DIFFERENT     COUNTRIES 

In  the  Philadel])hia  General  Hospital,  protocols  of 
postmortem  examination  have  been  kept  since   1867, 

•  From  the  McManrs  laboratory  of  Pathology,  Univemily  of  Prnn- 
sylvania.  and  thr  Patholofttcal  I.aboratory.  Philadelphia  General  Ilonpital. 

*  Read  before  the  Section  on  Pathology  and  Physiology  at  the 
Seventy-Second  Annual  Session  of  the  American  Medical  Association, 
Boston.  June,  l"»2I. 

1.  Osier.  William,  and  McCrae,  Thomas;  Modern  Medicine,  Phila- 
delphia, Lea   &   Fehiger  4:472.    I9IS. 


in  the  Hospital  of  the  University  of  Pennsylvania 
since  1875.  Some  12,000  necropsies  have  been 
recorded  (up  to  November,  1916),  of  which  10,600 
were  held  at  the  former  institution. 

In  the  entire  series,  268  subjects  presented  321 
intracorporeal  aneurysms.  The  data  appertaining  to 
frequency,  age,  sex  and  race  are  based  on  the  number 
of  patients  and  not  upon  the  number  of  aneurysms. 
In  2.2  per  cent,  of  patients  coming  to  necropsy,  aneu- 
rysms were  found.  However,  since  only  one  out  of 
every  6.4  patients  dying  at  the  Philadelphia  General 
Hospital  was  examined  postmortem  (this  being  the 
average  for  the  seventeen  years  ending  in  1916),  an 
accurate  conception  of  the  frequency  of  aneurysms  in 
the  living  patient  cannot  be  obtained. 

Yet,  in  general,  these  statistics  show  that  aneurysms 
are  not  uncommon  at  these  two  hospitals,  one  of 
which,  as  a  teaching  institution,  favors  such  admis- 
sions, while  the  other  is  the  largest  charity  hospital 
in  the  United  States. 

It  has  long  been  recognized  that  the  frequeijcy  of 
aneurysms  differs  in  various  localities.  Hence  statisti- 
cal data  based  on  postmortem  examination  have  been 
selected  for  comparison  from  American,  English,  Scan- 
dinavian, German  and  Austrian  publications.  Table 
1  shows  that,  in  160,145  postmortem  examinations. 
1,452  aneurysms  were  discovered  ;  that  is,  one  aneurysm 
occurred  in  every  111,  or  0.9  per  cent,  patients  examined 
postmortem.  These  figures  are  only  relative,  for  it  must 
be  remembered  that  a  certain  proportion  of  patients 
possess  multiple  aortic  aneurysms ;  however,  the  total 
number  of  postmortems  and  of  aneurysms  recorded 
is  so  large  that  fair  conclusions  may  be  drawn.  Since 
most  writers  have  confined  themselves  to  statistical 
study  of  aortic  aneurysms,  we  have  in  Table  1  com- 
pared the  relative  frequency  of  aortic  aneurysms  only. 

It  has  been  remarked  that  of  the  Caucasian  races, 
the  Anglo-Saxon  is  a  more  frequent  sufferer  from 
aneurysm  that  the  Teuton,  and  our  figures  support 
this  belief.  Thus,  for  the  United  States  the  average 
incidence  in  per.sons  examined  postmortem  is  one 
aortic  aneurysm  in  forty-one ;  for  Great  Britain,  one 
in  seventy-four ;  for  the  Scandinavian  countries,  one 
in    109,  and    for  Austria   and   Germany,   one   in    198. 
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Again,  it  must  be  •emphasized  that  in  the  United  States 
only  a  certain  percentage  of  patients  are  examined 
postmortem,  while  in  Austria  and  Germany  postmortem 
examination  of  hospital  patients  is  the  rule.  Clinical 
observations  also  support  the  view  that  aneurysm  is 
more  frequently  encountered  in  the  United  States  and 
Great  Britain  than  elsewhere.  Thus,  Osier  ^  states 
that  in  the  British  army  home  contingent  with  a 
strength  of  118,224  (in  1905)  there  were  eighteen 
deaths  from  aneurysms;  in  Germany  (1904-1905),  with 
an  army  of  555.777,  there  were  four.  Wolpert  - 
states  that  in  74,744  patients  treated  at  the  Medical 
Clinic  of  the  University  of  Berlin  (1895-1905),  aortic 
aneurysm  was  diagnosed  in  fifty-five  instances,  i.  e., 
one  person  in  1.359.  Eichhorst  ^  (Medical  Clinic, 
Zurich,  1884-1901)  found  twenty-eight  patients  with 
aortic  aneurysm  among  33,377  patients,  i.  e.,  one  in 
1,200.  Dahlen  *  reports  that  in  the  Seraphim  Hos- 
pital in  Stockholm,  twenty-two  patients  with  aortic 
aneurysms  were  discovered  among  about  15,000 
inmates  (1897-1906);  i.  e.,  one  in  790.  Very  dif- 
ferent figures  are  obtained  in  British  reports :  Browne  '' 
mentions  that  at  St.  Bartholemew's  Hospital  (1867- 
1883)  with  a  yearly  average  of  5,000  inpatients  (i.  e., 
90,000)  there  were  228  with  aortic  aneurysm,  i.  e., 
one  in  about  350.  Osier "  gives  the  incidence  of  aortic 
aneurysms  in  24,363  admissions  to  the  medical  wards 
of  the  Johns  Hopkins  Hospital  (1889-1909)  as  231; 
i.  e.,  one  in  105  patients ;  and  lastly.  Lemann  '  finds 
forty-seven  patients  with  thoracic  aneurysms  in  15,513 
outpatients  at  the  Touro  Infirmary,  i.  e.,  one  in  300. 
Therefore,  both  from  clinical  and  from  necropsy 
data,  it  seems  fair  to  conclude  that  aortic  aneurysm 
is  more  frequently  found  in  the  United  States  and 
Great  Britain  than  on  the  European  continent,  or  at 

2.  Wolpert,  R.:  Ueher  die  Haufigkcit  und  Enstehung  dcs  Aorten- 
aneurysma,  Berlin,  1905. 

3.  Eichhorst,  H. :  Handbuch  der  spezicllen  Pathologie  und  Therapie. 
Ed.  6,  Berlin,  tjrban  and  Schwartzenberg,   1904,  p.   284. 

4.  Dahlen,  B. :  Uebcr  einen  Fall  von  Aortcn-Aneurysma,  mit  Durch- 
bruch  in  den  linken  Vorhof  nebst  einigen  Bemerkungen  iiber  Aorte- 
aneurysma,  die  fibroese  Aortitis  and  Lues,  Ztschr.  f.  klin.  Med.  58:  163- 
196,  1907. 

5.  Browne,  Oswald:  Aneurysms  of  the  Aorta  with  Especial  Refer- 
ence to  Their  Position.   Direction  and   Effect,   Cambridge,    1885. 

6.  Osier,  William:  Syphilis  and  Aneurysm,  Brit.  M.  J.  3:  1509-1514, 
1909.  ,     .  , 

7.  Lemann,  T.  T. :  Aneurysm  of  the  Thoracic  Aorta:  Its  Incidence, 
Diagnosis  and  Prognosis,  Am.  J.  M.  Sc.  15»:  210-222   (Aug.)    1916. 
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least  in  the  Teutonic  countries.  To  explain  this  is 
more  difficult.  No  doubt  vascular  syphilis  is  the  under- 
lying cause  for  the  great  majority  of  aortic  aneurysms, 
and  it  may  well  be  that  the  type  of  syphilis  which 
tends  particularly  to  involve  the  vascular  system  is 
more  common  in  certain  countries  than  in  others. 
Whether  there  exist  strains  of  spirochete  having  a 
selective  affinity  for  the  cardiovascular  apparatus  has 
not  as  yet  been  determined ;  but  at  least  the  researches 
of  Marie  and  Levaditi '  indicate  that  certain  strains 
of  spirochete  produce  lesions  of  the  brain  and  cord, 
while  others  affect  chiefly  the  cutaneous  surfaces. 
We  have  learned  in  the  last  few  years  that  most 
pathogenic  bacteria  are  not  entities  but  groups  con- 
si.sting  of  many  types  (streptococcus  group,  pncu- 
mococcus  group,  tyjihoid  group,  etc.),  and  that  the 
different  members  of  such  groups  behave  in  dis- 
similar fashion.  Clinical  experience  has  demonstrated 
that  some  of  the  many  forms  of  syphilis  occur  rarely 
in  certain  countries  and  among  certain  races.  Of  the 
latter,  an  example  is  the  incidence  of  tabes  dorsalis 
and  aortic  aneurysm,  among  the  white  and  negro 
population  of  this  country.  Tabes  is  fairly  common  in 
white  peoples,  but  quite  rare  among  negroes.  Indeed, 
only  in  the  last  few  decades  has  locomotor  ataxia  been 
observed  at  all  in  full  blooded  blacks.*  On  the  other 
hand,  the  proportionate  incidence  of  aortic  aneurysm 
is  far  greater  in  the  negro  than  in  the  white  papulation. 
.Ml  such  facts  may  point  either  to  the  existence  of 
different  spirochetal  strains  possessing  selective  affini- 
ties and  being  particularily  prevalent  in  certain  coun- 
tries or  races,  or  to  the  predisposing  influence  on  the 
vascular  structures  of  racial  charteristics. 

LOCATION 

The  location  of  the  aneurysms,  the  marked  pre- 
ponderance of  aortic  over  nonaortic  aneurysm,  and 
the  comparative  in  frequency  of  aneury.sm  of  the  vari- 
ous aortic  branches  is  shown  in  Table  2.  The  arch  of 
the  aorta  is  most  frequently  involved,  next  the  abdomi- 

8.  Marie,  A.,  and  Lcvadili,  C:  La  inralraie  R^n^rale  cat  due  4  un 
trepon^me  distinct  dc  celui  de  la  syphylia  banalc,  Kev.  de  ro^  87 1 
I9J,  1920. 

9.  Luclie,  Baldwin:  Talies  Dorsalii:  A  Pailiolosical  and  Clinical 
Study  of  Two  Hundred  and  Fifly  Case*,  J.  Nrrv.  *  Mrnl  Dia.  4St 
J9J-410  (May)   1916. 
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nal,  and  somevvliat  less  frequently  the  thoracic  aorta. 
Of  the  aortic  branches,  the  innominate  and  splenic 
arteries  are  most  often  the  seat  of  aneurysm.  These 
findings  in  general  correspond  to  most  statistical 
reports,  but  are  greatly  at  variance  with  the  work  of 
Edward  Crisp. ^"  "Table  of  551  spontaneous  aneurysms 
selected  indiscriminately  from  the  British  medical  and 
surgical  journals,  from  the  year  1785  to  the  present 
time"  i.  e.,  1844).  This  writer  in  1851  published 
a  little  known  appendix  "  to  his  monograph  in  which 
he  adds  data   (from  the  same  sources  as  in  his  first 

TABLE    2.— LOCATION    OF    THRKE     HUNDRED    .\ND    TWESTT- 
ONE    .4NEDRYSMS 

Heart    and    its    valvos 15 

Heart     13 

Heart  valves   2 

Aorta     278 

Sinus  of  Valsalva 10 

Ascending    arcli    62 

-Junction  of   ascending  and  transverse  arch  23 

Transverse  arcli  46 

Descending    arcii    42 

Entire   arch    19 

.Arcti  (unclassified)    4 

Entire  aorta  (dissecting  aneurysm) 1 

Tlioracic   aorta    31 

Abdominal   aorta    40 

Aortic  branches   (and  pulmonary  artery) 28 

Ductus    arteriosus    1 

Coronary    artery    1 

Innominate    artery    13 

Left    carotid    artery 1 

Pulmonary    artery    1 

.Superior    mesenteric    artery 1 

(^eliae   axis    1 

Splenic  artery   6 

Renal   artery    2 

Internal  iliac   artery 1 

paper)  on  151  aneurysms,  bringing  the  total  number 
of  his  cases  to  702.  Since  his  appendix  is  now  some- 
what inaccessible,  the  general  statistical  data  as  to  loca- 
tion of  the  aneurysms  are  here  cited :  thoracic  aorta, 
241 ;  pulmonary,  2 ;  abdominal  aorta  and  its  branches, 
7?) ;  common  iliac,  2 ;  popliteal.  182 ;  posterior  tibial, 
21 ;  innominate,  22  ;  carotid,  28 ;  cerebral,  13  ;  temporal, 
1 ;  ophthalmic.  1  ;  subclavian,  25 ;  axillary,  24 ;  sub- 
scapular, 1  ;  brachial,  1.  Crisp's  data  are  mainly 
based  on  clinical  reports,  selected,  as  he  states,  "indis- 
criminately" ;  hence  not  even  approximate  deductions 

10.  Crisp,     Edward:      A     Treatise     on     the     Structure,     Diseases     and 
Injuries  of  the  Blood  Vessels,   London,  J.   Churchhill,    1847. 

11.  Crisp.    Edward;     Appendix   to   the  Treatise   on   the   Structure,   Dis- 
eases and  Injuries  of  the  Blood  Vessels,  London,  H.  Teape  &  Son,  1851. 


as  to  the  relative  occurrence  and  distribvition  of  aneu- 
rysms can  be  drawn  from  them,  and  the  quotation  of 
his  tables  without  fnrtiier  quahtication  can  only  give 
a  wrong  impression  as  to  the  location  of  aneurysms. 

The  most  striking  feature  of  his  tables  is  the  cxtra- 
ortiinarily  large  number  of  aneurysms  of  the  peripheral 
arteries;  in  the  12,000  jxistmortem  records  on  which 
the  |)re,sent  study  is  l)ased,  less  than  a  dozen  of  such 
aneurysms  are  recorded;  and,  judging  from  other 
clinical  and  postmortem  statistics,  aneurysms  of  the 
peripheral  vessels  are  relatively  uncommon.  Crisp's 
statistics,  are,  however,  not  to  1k'  undervalued,  for 
they  contain  a  wealth  of  information. 

AGE 

.\neurysm  may  occur  at  any  age,  but  it  is  most  fre- 
quently found  in  early  middle  life.  The  incidence  of 
age,  as  recorded  in  our  series  in  247  patients,  is  given 

TABLE    a.-ISCIDENCK    OF    AORTIC    ANKCBY8M    ACCOBDIKG 
TO    AGE 

Age  No.  of  Cawf 

fnilfr  21)  years I 

From  20  to  2it  yearfl 0 

.10  to  3»  ye»r» 32 

40  to  «  years 81 

50  to  JK  year* DO 

00  to  W  years 42 

TO  to  79  years , 18 

80  to  100  years .' 4 

in  Tabic  3.  The  youngest  ])atient  in  tiie  series  was 
12  days  old  ;  the  oldest,  91  years. 

The  table  shows  that  aneurysm  may  occur  at  any  age, 
but  that  before  the  twentieth  year  it  is  very  uncom- 
mon. Beginning  at  this  age  the  curve  of  incidence 
-rises  gradually,  to  ascend  somewhat  sharply  in  the 
fourth  decade  to  its  maximum  ;  there  is  a  slight  fall 
during  the  fifth  decade,  and  from  tiiere  on  ;i  steady 
decline. 

The  average  duration  of  life  after  the  clinical  recog- 
nition of  an  aneurysm  has  been  variously  estimated 
and.  as  may  be  expected,  no  uniformity  of  opinion 
has  been  reached ;  but,  in  general,  it  is  thought  that 
the  exiK-ctation  of  life  in  the  average  case  is  but  little 
over  two  years.     Hall  "  carefully  analyzed  thirty-five 

12.  Halt.  F.  de  H.:  Intrathoracic  Aneurysm.  L.ancet  li84J,  M9,  94S. 
1913. 
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private  cases  (of  intrathoracic  aneurysm)  and  found 
that  in  twenty-seven  of  these  the  average  duration  of 
life  after  diagnosis  was  estabhshed  was  a  Httle  over 
two  years  and  eight  months.  He  has  seen,  however, 
a  patient  living  for  ten  years.  Nunnelly^^  finds  that 
the  average  course  of  aneurysms  of  the  abdominal 
aorta,  from  the  first  appearance  of  the  symptoms, 
extends  over  from  thirteen  to  fifteen  months.  Bos- 
dorfif  '*  places  the  usual  duration  as  from  one  and  a 
half  to  two  years;  Emmerich,  as  from  twelve  to  eigh- 
teen months.  Crisp,'"  on  the  other  hand,  believes  the 
average  duration  of  life  to  be  from  eight  to  ten  years. 
Thus  one  might  quote  a  considerable  number  of  writers. 
It  is  most  probable  that  the  duration  of  life  depends 
entirely  on  the  individual  case,  and  on  the  care  and 
treatment  the  patient  receives. 

As  will  be  pointed  out,  the  majority  of  aneurysm 
patients  die  from  a  disease  independent  of  the  aneu- 
rysm; in  our  series,  only  about  one  third  died  from 
rupture. 

In  Table  4  the  age  incidence  is  collected  from  vari- 
ous pathologic  as  well  as  from  clinical  sources.  In 
all,  4,217  aneurysm  cases  are  tabulated.  The  most 
frequent  age  period  given  by  the  different  writers 
varies  considerably. 

The  statistics  are  tabulated  under  four  headings:  (a) 
aortic  aneurysms  from  postmortems;  (b)  aortic  aneu- 
rysms collected  from  clinical  sources  and  from  the 
literature;  (c)  all  aneurysms  (including  aortic)  from 
postmortems,  and  (d)  all  aneurysms  (including  aortic) 
collected  from  clinical  sources  and  from  the  literature. 
As  far  as  aortic  aneurysms  are  concerned,  there  appear 
to  be  noteworthy  differences  in  the  most  frequent  age 
periods  given,  the  majority  of  cases  occurring  between 
the  ages  of  35  and  55.  In  the  figures  dealing  with 
aneurysms  in  any  location  (this  includes  aortic  aneu- 
rysms) more  advanced  age  periods  are  stated  by  some 
authors.  Thus,  Bosdorff  "  gives  from  60  to  80  years, 
and  Juda  "  from  60  to  70  years  as  the  most  frequent 

13.  Nunnelly,  F.  P.:    Aneurysm  of  the  Abdominal  .\orta,  Oxford,  1906. 

14.  BosdorfF,  Ernst:  Ueber  Haufigkeit  und  Vorkommen  der  Aneu- 
rysma,   Kiel,    1899. 

15.  Crisp  (Footnotes  10  and  11). 

16.  Juda,  David:  Die  Beziehungen  zwischen  .\neurysmen  und  Tuber* 
kulose,  Erlangen,   1892. 
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TABLE    4.-8F.X-AaE    INOIDEMCE 


Loci-  Moit 

tlOD  of         No.  Riitio  yrpquent 

Author         Aneuryim     Casra  Mnlm    Framli'ii  M  to  F  Age  Period 

(a)  Aortic  iineurysmii  (eollectoil  from  pathologlr-iinatoinir  sources) 

Biggs' Aorta             «  S7  7  3.9  to  1  At.  44.3 

Iivmann' Thor.  aorta       47  36  12  2.»tol  3S-U 

Baulert Aorta             S8  S7  21  l.Stol  Not  itated 

VIx'o Aorta             87  88  9  S.l  to  1  40-SO  IT. 

MQIIer'^ Aorta             «)  51  IS  2.6  to  1  40-40 

Krftgcr" Aorta             48  38  10  3.8  to  1  At.  BS.2 

Cminerlrh'*....       Aorta             51  35  1«  2.2  to  1    °      40-00 

Basht Aorta             28  «  7  Stol  40-00 

Brvantf Alxl.  aorta         54  50  4  12.5  to  1  S(MO 

Browne' Aorta             88  74  14  5.2  to  1  35-66 

Browne: Aorta           140  122  18  6.7  to  1  35  55 

Hall» Aorta             M  80  9  9.9  to  1  3.V65 

Dahlen* Aorta             27  20  7  2.9tol  40-65 

ToUl 779  «27  152  4.1  to  1 

(b)  Aortic  aneuryanis  (collected  from  clinical  sources,  or  from  llteratnre) 

Crisp" Aorta           314  261  53  Stol  30-40 

Borowskyt Aorta(rupt.)     175  160  26  Stol  40-50 

.Maxlmofr>°....       Aorta           SOS  252  61  4.9  to  1  40-30 

.MaKlinoft"*....       Aorta             41  89  12  2.5  to  1  40-60 

Wolpert' Aorta             55  22  33  0.7  to  I  Av.  63.8 

If.  52.1,  r.  G0.7 

Hall" Thor.  aorta      188  160  28  5.6  to  1  Not  stated 

Total 1,076  874  202  4.3  tO  1 

(c)  All  aneurysms  (collected  from  pathologlc-anatoralb  sources) 

BosilorfT" All  nneur.          94  51  43  1.2  to  1  60-80 

I.iicke  &  Rru...   All  aneur.        247  200  47  4.3  to  1  40-00 

MQIlcr" All  nneur.        183  108  75  1.4  to  1  50-70 

Emmerich'"....    All  aneur.          58  89  19  2.1  to  1  40-00 

Coralnottil AH  aneur.        181  150  30  5  to  1  40-50 

.luda'" All  aneur.          48  31  17  1.8  to  1  00-70 

LIdelli All  aneur.        243  200  43  4.0  to  1  30-40 

Voo  Schriitterni  All  aneur.        220  146  74  2  to  1  40-60 

Total 1.274  923  848  2.7  to  1 

(d)  All  aneurysms  (collected  from  clinical  sources,  or  from  literature) 

Crisp" All  aneur.        TO2  624  78  Stol  30-50 

I,ebcrt^ All  aneur.        386  296  go  3.2  to  1  35-46 

Total 1,068  920  168  6.4  to  1 

Grand  total 4,217  3,346  870  SJtol 


OIsp,  CominnttI  and  von  .Schrdtter  Ktatrd  only  the  male-female  ratio; 
from  this  the  actual  numbers  wt-re  calculated. 

•  Itlggs,  H.:  Some  Oh»ervBtlon«  on  Aortic  Aneurysms,  with  a  Report 
of  Thirty-Four  Cases  with  .\utopales.  Am.  J.  M.  8c.  I»T  i  219,  1889. 

f  Reference  appears  In   Table  1. 

!  Browne,  Oswald:  Aneurysm  of  the  Aorta,  London,  H.  K.  I.ewls, 
1897. 

I  LIdell,  John  A.:  On  Internal  .\neurysm,  and  Its  Relation  to  Sudden 
Death,  Am.  .1.  M.  He.  n3i4«-«l.  1867. 

«  Von  Sehriitter,  h.:  Krkrankungen  der  Gefjisse,  In  Nothnogel: 
Spezlelle  Pathologic  und  Therapie.  Vienna,  Alfred  Holder,  1901,  l-V 
Part    III. 

*  I.ebrrt,  H.:  Krnnkhelten  der  Blut-  und  Lymphgef^ssc,  In  R.  Vlr- 
chow's  Uandbuch,  Kd.  2,  Vol.  V,  Kriangen.  1867,  F.  Knke:  also  Traltc 
d*  I'snatomle  pathologlque,  I,  Paris,  J.  B.  Balllere,  1857. 
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age  periods,  but  an  analysis  of  the  material  on  which 
their  data  are  based  reveals  that  both  writers  included 
a  considerable  number  of  small  aneurysms  of  the  cere- 
bral arteries. 

Aneurysms  occur  at  different  age  periods  in  whites 
and  blacks,  in  males  and  females.  In  Table  5  the 
average  ages  of  these  various  groups  are  shown.  The 
average  age  at  which  white  persons  suffering  with 
aneurysm  came  to  necropsy  was  54.4  years,  and  only 
45.3  years  for  negroes.  A  somewhat  less  marked  age 
difference  is  shown  to  exist  between  men  and  women, 
the  average  of  the  former  being  46.9  years,  of  the 
latter  52.8  years. 

Similar  difference  in  ages  exists  between  white 
males  and  white  females,  and  between  black  males  and 


-INCIDHXCK    OP    R.4CE,     SEX, 
R.\CE-SEX    RATIO 


.\GE,    .4SD 


Race  or  Sfix       Number  Recorded      Average  Age 

White 173  54.4 

Negroes 74  4-5.3 

Males 200  4«.9 

Females 47  52.8 

White  males 134  51.3 

White  females 39  57.6 

Negro  males 66  42.5 

Negro  females 8  48.1 


Race-Sex  Ratio 

2.3  whites   :  1  negro 

4.2  males  :  1  female 

3.4  white  males  :  I 
white  female 

8.2  negro  males  :  1 
negro  female 


black  females,  while  between  white  females  and  black 
males  the  marked  discrepancy  of  fifteen  years  is  seen. 


SEX 

In  our  series  there  are  200  males  and  forty-seven 
females  (sex  not  recorded  in  twenty-one  instances)  : 
this  gives  a  ratio  of  4.2  males  to  1  female.  Table  4 
shows  that  practically  all  writers  have  found  a  similar 
preponderance  of  the  male  sex.  The  sex  incidence  has 
been  grouped  under  four  headings:  (a)  aortic  aneu- 
rysms from  postmortem  statistics;  (b)  aortic  aneu- 
rysms from  clinical  sources,  or  collected  from  the 
literature;  (c)  all  aneurysms  (including  aortic  aneu- 
rysms) from  postmortem  statistics,  and  (d)  all  aneu- 
rysms (including  aortic  aneurysms)  from  clinical 
sources  or  compiled  from  the  literature.  The  total 
number  of  aneurysms  collected  in  the  table  is  4,217; 
of  these,  3,346  occurred  in  males  and  870  in  females. 


13 

giving  a  ratio  of  3.8  males  to  one  female.  Several 
writers  ( Bosdori?,'*  Muller,"  and  Juda '")  record 
an  unusually  large  number  of  females  in  their 
series ;  the  same  writers  also  give  the  most  fre(|uent 
age  period  at  a  very  advanced  time  of  life  (i.  c.,  from 
50  to  80).  .\nalysis  of  their  reports  shows  that  a 
relatively  small  number  of  aortic  aneurysms  was 
included,  and  that  their  figures  are  based  on  a  rela- 
tively large  percentage  of  aneurysms  of  the  aortic 
branches  and  the  cerebral  vessels.  One  may,  perhaps, 
draw  the  conclusion  from  the  data  that  aneurysms  of 
such  arteries  are  somewhat  more  common  in  females 
than  in  males.  The  greater  longevity  of  women,  in 
general,  may  account  for  the  advanced  age  periods 
given.  Emmerich."''  whose  statistics  ( Pathological 
Institute,  Munich)  show  an  unusual  proportion  of 
females,  e.xplains  this  by  stating  that  in  Munich  women 
did  more  hard  manual  labor  than  elsewhere.  All  the.se, 
however,  are  exceptions,  and  it  may  be  stated  that, 
in  general,  aneurysm  occurs  four  times  more  frecjuently 
in  the  male  than  in  the  female  sex. 

RACE 

Aneurysm  seems  to  be  particularly  common  in  the 
negroes.  In  our  series  there  are  173  whites  and 
seventy-four  negroes,  a  ratio  of  2.3  whites  to  one 
negro.  In  5,000  admissions  to  the  medical  wards  of 
the  Philadeljjhia  General  Hospital  the  ratio  of  whites 
to  negroes  was  fifteen  whites  to  one  negro.  Osier' 
gives  the  ratio  for  aneurysm  as  2.6  white  to  one  negro, 
while  the  proportion  of  white  to  colored  patients  in 
the  wards  (of  the  Johns  Hopkins  Hospital)  was  as 
four  white  to  one  negro.  Lemann,'  however,  finds 
the  difference  between  whites  and  negroes  not  at  all 
marked.  From  his  table  on  thoracic  aneurysm  it 
appears  that  among  the  males  the  aneurysms  were 
about  as  frequent  in  white  men  as  in  negroes,  while 
the  negro  female  cases  were  relatively  three  times  as 
frequent  as  the  white  female  one.  Our  own  figures, 
however,  are  similar  to  Osier's,  and  show  the  greater 

17.  Mullrr.  Krimt;     Zur  Sutistik  drr  Ancurysmen.  Jena.    1902. 

18.  Kminrrtch.  Otto;  I'cber  die  Haufigkrii  dcr  innerrn  Aneurysmen  in 
Munchrn.   Munchcn,   1888. 
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relative  frequency  of  aneurysm  in  the  negroes.  The 
ratio  of  occurrence  and  other  data  are  shown  in 
Table  5. 

NUMBER     OF     ANEURYSMS 

While  it  is  generally  known  that  small  aneurysms 
of  the  cerebral  arteries  are  commonly  multiple,  the 
fact  that  more  than  one  large  aneurysm  of  the  aorta 
or  its  branches  occur  not  infrequently  is  often  over- 
looked in  clinical  examinations.  Thus,  it  is  not  unu- 
sual to  find  only  one  aneurysm  diagnosed,  yet  two 
or  more  are  discovered  at  necropsy.  If,  for  instance, 
an  aneurysm  of  the  ascending  arch  coexists  with  one 
of  the  abdominal  aorta,  one  or  the  other  is  frequently 
overlooked,  often  because  no  effort  is  made  to  search 
for  multiple  aneurysms.  In  our  series,  multiple  aneu- 
rysms occurred  in  fifty  three  patients;  that  is,  one  in 
every  five  patients  with  aneurysm  had  more  than  one 
such  lesion. 

In  detail : 

In  41  patients,  2  aneurysms  were  present. 
In  10  patients.   3  aneurysms  were  present. 
In  1  patient,  4  aneurysms  were  present. 
In  1  patient,  5  aneurysms  were  present. 

These  were  chiefly  aneurysms  affecting  the  aorta, 
but  in  several  instances  an  aortic  aneurysm  coexisted 
with  an  aneurysm  of  one  of  the  aortic  branches. 

DIAGNOSIS 

Aneurysms  frequently  escape  clinical  detection.  A 
glance  through  the  postmortem  protocols  tabulated  by 
Bosdorff,"  Browne,'"'  Crisp,^^  Maximoff,'®  Dahlen,* 
Vix,-"  Kroger,-^  Przygode  ^-  and  other  authors  shows 
that  a  very  high  percentage  of  aneurysms  discovered 
at  the  necropsy  table  was  not  recognized  clinically. 
Lemann  ^  recently  discussed  the  diagnosis,  and  failure 
to  diagnose,  of  aneurysms,  and  cites  Sir  William 
Osier's  dictum  that  there  is  no  disease  more  conducive 
to  clinical  humility  than  aneurysm  of  the  aorta. 

19.  MaximofI,  N. :  Beitrag  zur  Statistik  der  Aneurysmen,  Munchen, 
1910. 

20.  Vix,  K. :    Zur  Lehre  iiber  die  .\orten-aneurysmen.  Erlangen.    1904. 

21.  Kroger:  Statistik  der  Aorten-aneurysmcn  nach  den  Sektions- 
protokollen   von    1872-1899.   Kiel,    1901. 

22.  Przygode,  Paul:  Ueber  die  RiJckwirkung  der  Aorten-aneurysma 
aufs  Herz,  Giessen,   1909. 
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The  clinical  diagnoses  recorded  on  the  postmortem 
protocols  in  our  series  are  given  in  Table  6. 

In  this  series  the  correct  diagnosis,  i.  e.,  aneurysm, 
was  recorded  in  only  43  per  cent,  of  the  cases.  It 
must  be  remembered,  however,  that  these  records  began 
in  1867,  before  the  days  of  modern  diagnostic  methods. 
The  conditions  most  frequently  mistaken  for  aneu- 
rysm are  given  in  Table  6. 

SUM. MARY 

This  paper  contains  a  statistical  analysis  of  321 
aneurysms  of  the  heart  and  its  valves,  the  aorta  and 
the  aortic  branches. 

1.  In  12,000  postmortem  examinations  at  the  Phila- 
delphia   (lencral    Hospital   and    the    Hospital    of   the 

TABLK    «.-CLINICAL    DIAGNOSES    RKCOEDED    IN    A    8KRIK8    OP 

TWO    HUNDRED    AND    SIXTY  KIOHT     CASKS     WITH 

AMKURV8M8 

DlacnoiM  Number  o{  CaiM 

Aneurysms 9S 

Asthma , 8 

Chronic  I'ndociirilltiB ?1 

I'hronir  ntyocnrditt" , 17 

I'lihnoniiry  tnhcrculoBts 9 

MrillHstlnul  tumor 2 

AH  other  iliHKnoseH 71 

Not  rrcorcled 45 


University  of  Pennsylvania,  321  "intracorporeal" 
aneurysms  occurred  in  268,  or  2.2  per  cent.,  of  patients 
examined  postmortem. 

2.  Comparison  of  statistics  shows  that  aneurysms 
are  more  frequent  in  the  United  States  and  Great 
Britain  than  in  the  Teutonic  countries. 
•  3.  The  aorta  is  more  often  involved ;  the  various 
aortic  branches  are  relatively  rarely  the  seat  of 
aneurysms. 

4.  The  most  frequent  age  period  for  aortic  aneurysm 
is  the  fourth  and  fifth  decades. 

5.  Aneurysm  occurs  at  an  earlier  ;ige  in  the  negro 
than  in  the  Caucasian  race. 

6.  Aneurysm   occurs   about    four   times   more    fre- 
quently in  males  than  in  females. 

7.  Aneurysm  is  relatively  more  common  in  the  negro 
than  in  the  Caucasian. 
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8.  In  fifty-three  patients  (about  20  per  cent.),  mul- 
tiple aneurysms  were  found. 

9.  The  clinical  diagnosis  was  made  in  43  per  cent. 


Kcprhitcd  from    The  Journal   of  the   American   Medical  Association 
Sept.    17,    1921,    Vol.    77,   pp.    935-940 
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KliPONT   OF   A   CASE   OF   SPOxXTANFOUS 

(lAXGRENE.   SIMULATING    PURPURA, 

DUE  TO  ACUTE  THROMBOAR- 

TERITIS.* 

r.v  l),\vii>  W.  Kramer.  M.  D., 

Philadelphia, 

Dtnmnstraior    of    Clinical    Medicine    in    Jefferson    Medical    College; 

Assistant    Visiting    Physician    to    the    Philadelphia    General, 

Jewish  and   Mt.   Sinai   Hospitals. 

When  one  considers  the  frequency  of  bacteremias 
in  the  early  stages  of  certain  wellknown  acute  in- 
fectious maladies,  particularly  typhoid  fever  and 
pneumonia,  as  well  as  the  various  septicemias,  one 
cannot  help  being  impressed  with  the  rarity  of  in- 
volvement of  the  bloodvessels  themselves.  Albutt, 
indeed,  mentions  "that  terrible  disease  as  yet 
wrapped  up  in  obscurity,  in  wiiich  arterial  tnmks 
are  seized  by  an  acttlc  arteritis  with  agonizing  pains 
and  gangrene ;  this  thromboangeitis  is  not  to  be 
confounded  with  the  arteriosclerosis  of  hyperpiesis 
or  of  decrcscense."  It  is  possible  that  the  occur- 
rence of  arterial  infections  is  not  so  rare  as  we  have 
been  led  to  believe.  Some  cases,  no  doubt,  are  not 
recognized  ;  others  are  mistaken  for  purpura  or  gan- 
grene, the  diagnosis  being  based  upon  clinical  mani- 
festations, rather  than  upon  the  underlying  etiologi- 
cal and  pathological  conditions.  Such  diagnoses 
make  it  difficult  to  collect  data  and  statistics  which 
might  aid  us  in  throwing  some  light  ujwn  this  ob- 
scure condition. 

At  the  Philadelphia  General  Hospital  we  observed 
a  case  closely  resembling  purpura  hemorrhagica,  in 
which  gangrene  of  the  foot  developed.  The  clinical 
diagnosis  of  acute  thromboangeitis  with  gangrene 

*Re.id  before  the  Pathological  Society.  Philadelphia,  February. 
\922.  From  the  jiervicc  of  Prof.  Solomon  Solis  Cohen  at  the 
Phil.-idrliihta  General    Hospital. 

I  opyright.  192.'.  by  A.  R.  Elliott  Publishing  Company. 


Kramer:      Thromhoarlcrilis. 

was  confirmed  by  the  laboratory  after  microscopic 
studies  were  made  of  sections  of  the  bloodvessels  in 
the  amputated  leg. 

I  am  indebted  to  Professor  Solomon  Solis  Cohen 
for  permission  to  report  this  case,  which  became  of 
interest  to  his  staff  through  his  interest  in  it,  coupled 
with  the  persistent  refusal  to  accept  the  diagnosis 
of  purpura  hemorrhagica. 

Case. — E.  H.,  white,  male,  eight  years  old,  was 
admitted  December  7,  1920,  to  Dr.  Solis  Cohen's 
service  with  a  provisional  diagnosis  of  purpura. 
The  family  history  and  past  medical  history  have  no 
bearing  upon  the  case. 

The  present  illness  dated  back  one  week.  The 
mother  stated  that  the  trouble  began  on  Wednesday 
night,  December  1,  1920,  when  the  boy  complained 
of  headache  after  supper.  During  the  night  he  was 
restless  and  feverish,  and  vomited  twice.  There 
was  no  diarrhea,  no  convulsion.  Headaches  per- 
sisted on  the  following  day.  The  patient  was  very 
pale.  On  Friday,  purple  blotches  appeared  on  the 
knees  and  outer  aspects  of  both  legs ;  these  blotches 
later  showed  themselves  on  the  body  as  well.  The 
limbs  were  said  to  "feel  stiff  and  sting." 

The  physical  examination  revealed  a  glistening, 
red,  injected  pharyngeal  mucous  membrane;  en- 
larged and  injected  tonsils ;  several  small  ulcerations 
on  the  tip  of  the  tongue.  On  the  chest  were  a  few 
irregularly  shaped  pigmented  patches  with  reddish 
borders.  The  lungs  were  negative.  No  murmur 
was  heard  in  the  heart,  but  the  first  sound  was 
impure. 

The  extremities  showed  irregularly  shaped  and 
variously  sized  patches  of  discoloration  over  the 
lower  extremities  and  a  few  in  the  upper  limbs. 
These  patches  varied  in  intensity  from  a  faint  pur- 
plish hue  to  a  true  hemorrhagic  condition  with 
sloughing.  The  left  leg  was  the  worse,  and  showed 
confluence  of  some  extensive  areas.  The  left  foot 
was  blue,  the  toes  cold,  and  bluish-black  in  color. 


Kramer:     Thromboarteriiis. 

No  pulsation  of  the  dorsalis  pedis  could  be  dis- 
cerned.    (See  Fig.  1  and  2.) 

The  temperature  on  admission  was  99°  F. ;  later 
it  went  up  to  104°.  The  pulse  range  was  from 
90  to  110.  J'lie  Wassermann  test  was  negative. 
The  blood  on  admission  showed  26,400  white  blood 
cells ;  polymorphonuclears,  eighty-one  per  cent. ; 
lymphocytes,  nineteen  per  cent. ;  coagulation  time, 
two  minutes  and  two  and  a  half  minutes;  blood 
platelets,  328,800. 

Bacteriological  studies  were  made  of  the  blood, 
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Fig.  1. — I^owrr  extremities  two  weeks  after  onset.  showinR  pur- 
puric extravasations  and  beginning  gangrene  of  the  left  foot  involv- 
ing the  toes.  Note  the  darker  areas  on  right  thigh,  showing  definite 
evidences  of  tisiiue  changes. 


of  the  pus  from  the  ulcerated  foot,  and  of  cultures 
from  the  throat,  the  mouth,  and  teeth.  The  blood 
culture  was  sterile.  The  throat  culture  showed 
streptococci.  The  cultures  from  ulcers  in  the  mouth 
showed  Stai)hylococcus  aureus.  Streptococcus  viri- 
(lans  and  Micrococcus  catarrhalis.  The  culture  from 
the  pus  in  the  ulcerated  foot  contained  Staphylo- 
coccus albus  and  a  gram  positive  bacillus.  The 
urine  contained  at  times  a  trace  of  albumin. 

The   patient's  condition   became   steadily   worse. 


Kramer:      Thromboarlvrilis. 

Gangrene  developed  in  the  left  foot.     (See  Figs.  3 

and  4.)  ,     . 

The  surgeon  (Dr.  Loux)  called  in  consultation, 
advised  amputation  above  the  knee;  which  opera- 
tion he  did  on  December  31st,  about  three  and  a  halt 
weeks  after  the  patient's  admission.  Convalescence 
was  slow  and  tedious  but  recovery  finally  ensued. 
When  last  heard  from  (January,  1922)  the  lad  was 
robust  and  enjoying  good  health. 

The  amputated  limb  was  sent  to  the  pathological 
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laboratory  of  the  hospital,  and  studied  by  the  his- 
lologist    Dr.  W.  P.  Belk,  who  reported  as  foUow.s : 

Nine'  sections  were  taken  from  the  amputated 
limb  of  E.  H.,  Surgical  Series  No.  1807. 

The  large  arteries  showed  a  thickening  of  the 
media,  which  was  due  to  a  moderate  proliferation 
of  fairly  voung  connective  tissue  cells.  There  was 
also  a  moderate  amount  of  round  cell  infiltration 
in  this  arterial  coat.  At  one  point  one  large  artery 
.showed    what    appeared    to    be    a    very    early    and 
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slightly  marked  necrosis.  Opposite  this  there  is  a 
thrombus  firmly  attached  to  the  intima.  The  endo- 
thelial coats  at  this  point  have  been  lost. 

In  all  sections  the  small  arteries  showed  a  more 
advanced  pathological  process.  The  thickening — 
still  chiefly  of  the  media — was  great,  resulting  in 
the  narrowing  of  the  lumina  to  about  one  third  or 
more  of  the  original  diameter.  The  fibrosis  here 
was  further  developtd  and  at  points  new  bloodves- 
sels could  be  seen  within  this  new  fibrous  growth. 
Infiltration  of  lymphocytes  in  the  arterial  coats  wa? 


Kir.,   i. — Four  wecka  aft»r  onict.      Sluugbin^  and  ^anifmic    iiu  ilv- 
inn  left   foot.     SloughiiiR  ulceratrd  arras  on   right   Ihigh. 

quite  noticcaJ)k'.  There  was  no  marked  perivascu- 
lar, but  a  diffuse  lymphocytic  infiltration  of  a  mod- 
crate  degree  throughout  all  tissues.  Sections  froiii 
necrotic  areas  showed  the  usual  picture  of  necrosis, 
with  infiltration  of  polymorphonuclear  leucocytes. 
The  process  was  definitely  an  infectious  one  of 
moderate  chronicity,  probably  of  a  duration  of  .sev- 
eral weeks.     Diagnosis:  proliferative  thromboartcri- 

DISCUSSION. 

The  diagnosis  ordinarily  made   in  cases  of   this 

'viir   i<  ixirpnra   nf  ciili''''   'Ik-   lii'innrili.Kjic  or   the 
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fulminating  type.  Schoenlein's  purpura  was  sug- 
gested by  one  physician  who  saw  our  patient.  There 
are  scattered  case  reix)rts  in  the  literature,  under 
superficial  diagnoses  of  purpura  or  gangrene,  which 
present  a  clinical  picture  that  seems  to  demand 
more  careful  study  before  we  can  rule  out  some 
definite  underlying  condition,  perhaps  one  common 
to  all,  and  represented  by  that  found  in  our  case. 

Summarizing,  we  had  a  definite  sudden  onset : 
fever;  an  injected  throat;  and  a  high  leucocytosis — - 
26,400  with  a  relative  polymorphonucleocytosis  of 
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eighty-one  per  cent.  All  these  phenomena  point  to 
some  septic  condition.  The  fact  that  the  blood  cul- 
ture was  sterile  does  not  necessarily  mean  that  there 
was  no  bacteremia ;  certainly  not  that  there  was  no 
involvement  of  bloodvessels ;  for  the  culture  is  nega- 
tive, as  a  rule,  in  that  recognized  disease  of  the 
arteries,  periarteritis  nodosa. 

Later  the  appearance  of  the  socalled  purpuric 
spots,  of  extensive  areas  of  ecchymosis,  and  finally 
of  gangrene,  indicated  that  something  had  taken 
place  in  and  about  the  bloodvessels.  The  fact  that 
the  blood  platelets  were  normal,  with  a  normal  clot- 
ting time,  seems  to  rule  out,  what  we  may  call  for 
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distinction,  the  socalled  true  purpura,  in  which  the 
hemorrhagic  extravasations  are  said  to  be  dependent 
upon  some  impairment  of  the  blood  clotting  mechan- 
ism. Here  we  were  evidently  dealing  with  a  more 
intensive  condition.  Areas  of  gangrene,  which  may 
involve  ati  extremity,  can  only  be  attributed  to  some 
disturbance  in  the  circulatory  apparatus  resulting 
in  arterial  occlusion.  This  occlusion  may  be  spas- 
modic, as  in  Raynaud's  syndrome,  but  in  our  case, 
was  presumably  owing  to  thrombus  formation,  orig- 
inating directly  from  the  inflamed  arterial  wall  or 
from  emboli  which  may  have  lodged  in  the  vessel. 
If  emboli,  whence  did  they  come?  There  was  no 
endocarditis,  there  was  no  definite  general  infection 
— at  least  none  that  could  be  recognized.  The  throat 
condition  seemed  of  importance  as  a  possible  focus 
of  infection,  but  not  otherwise.  Attention  was 
therefore  turned  to  an  inflammatory  process  in- 
volving the  vessels  themselves.  Such  inflamma- 
tions, producing  destruction  in  some  cases,  and  oc- 
clusion in  others,  are  known  to  occur.  With  these 
facts  in  mind  diagnosis  was  definitely  entered  as 
acute  thromboarteritis. 

Arteritis  has  been  observed  in  connection  with 
such  infections  as  diphtheria,  influenza,  pneumonia, 
typhus  and  typhoid  fevers,  scarlet  fever,  measles, 
rheumatic  fever,  and  syphilis.  It  may  also  occur 
independently. 

ETIOLOGY. 

The  exact  nature  of  the  causative  agent,  whether 
toxin  or  bacterium,  is  still  an  open  question.  In  the 
group  of  cases  which  seem  to  develop  independently 
the  condition  qiay  be  due  to  some  strain  of  the  strep- 
tococcus group.  This  view  is  favored  by  the  fre- 
quency of  sore  throat  and  the  persistent  finding  of 
some  font!  of  Streptococcus.  Klotz,  Bailly,  Head, 
and  Manges  and  Baehr  report  the  presence  of  this 
germ  somewhere  in  the  patients  whom  they  have 
studied.  In  our  case  streptococci  were  found  in 
the  throat  and  in  the  ulcers  of  the  mouth.    Unfor- 
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tunately,  the  blood  cultures  revealed  nothing  to  help 
us  in  arriving  at  a  definite  conclusion. 

The  question  of  sy])hilis  is  always  raised  when 
dealing  with  diseases  of  the  arteries.  The  spirochete 
is  notorious  for  its  influence  upon  the  aorta  and  the 
circulatory  system  but  it  is  not  found  necessarily 
in  acute  arteritis.  However,  it  may  be  a  predispos- 
ing factor  by  weakening  the  walls  of  the  vessels, 
making  them  less  resistant  to  bacterial  invasion.  It 
could  hardly  account  for  the  clinical  picture  of  an 
acute  infection  with  septic  temperature  and  leucocy- 
tosis. 

PATHOGENESIS. 

The  manner  in  which  the  bacterial  agent  enters 
the  vessel  walls  is  debatable.  The  avenue  of  infec- 
tion varies.  The  intima  may  be  infected,  a,  directly, 
either  by  the  microorganism  or  by  an  embolus  which 
becomes  lodged  in  the  lumen  of  the  vessel ;  or,  b,  in- 
directly, by  an  extension  of  the  process  from  the 
outer  coats.  The  media  and  adventitia  may  be  the 
starting  points,  the  infective  agent  gaining  entrance 
by  way  of  the  vasa  vasorum  or  perivascular  lym- 
phatics. Klotz  emphasizes  the  importance  of  the 
perivascular  lymphatics  and  their  relation  to  the  en  ■ 
trance  of  bacteria  into  and  about  the  arterial  walls. 

CLINICAL    COURSE. 

I  shall  confine  myself  to  the  acute  forms  of  ar- 
teritis which  usually  come  on  suddenly  with  head- 
aches and  severe  pains  over  the  region  of  the  af- 
fected vessels.  Abdominal  cramps  and  vomiting 
may  be  present.  Often  there  is  a  history  of  sore 
throat.  Fever  is  the  rule,  and  is  ordinarily  of  the 
septic  type.  Commonly  there  is  marked  leucocy- 
tosis. 

PATHOLOGY. 

Macroscopically,  there  are  areas  of  ecchymosis, 
necrosis  and  gangrene.  The  gangrene  may  appear 
in  local  areas  or  it  may  involve  either  an  entire  limb 
or  two  or   more  extremities.      In   the   periarteritis 
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nodosa  type  tliere  may  be  found  small,  hard  nodules 
and  aneurysmal  dilatations  along  the  course  of  the 
involved  arteries. 

Microscopically  various  lesions  in  and  about  the 
vessel  walls  have  been  described.  The  pathological 
picture  differs  with  the  type  and  virulence  of  the  in- 
fection, with  its  chronicity  and  with  the  proximity 
of  the  area  examined  to  the  site  of  greatest  activ- 
ity— possibly  the  focus  of  infection.  Any  vessel 
may  be  involved  but  the  medium  sized  and  smaller 
arteries  show  the  greatest  changes. 

The  intinia  may  be  swollen,  with  proliferation. 
In  some  areas  one  may  find  thrombi  resting  upon 
the  intima ;  in  others  the  intima  is  lost.  In  some 
ves.sels  there  is  complete  obliteration  of  the  lumen 
by  a  thrombus  which  may  or  may  not  show  organi- 
zation and  canalization,  depending  upon  the  time  of 
its  formation.  The  media  is  nearly  always  affected 
and  evidently  early  in  the  disease.  In  this  coat  one 
may  find  infiltrations  of  all  types  of  cells,  with  thick- 
ening that  may  encroach  upon  the  lumen  of  the 
artery.  Later  on  there  is  found  hyahne  degenera- 
tion and  fibrosis.  The  adventitia  usually  shows 
more  or  less  cellular  infiltration,  especially  in  cases 
of  periarteritis  nodosa.  In  nearly  all  cases  there  is 
more  or  Ic";-;  cellnlar  infiltration  m  the  |x;riva';cnlar 
tissues. 

DIAGNOSIS. 

.\cute  thromboarteritis  may  be  recognized  by  its 
clinical  picture — sudden  onset ;  septic  temperature ; 
severe  pains;  leucocytosis ;  hemorrhagic  extravasa- 
tions under  the  skin ;  areas  of  sloughing  and  gan- 
grene; clotting  time  is  normal  or  accelerated;  plate- 
lets are  not  deficient.  It  is  confirmed  by  a  micro- 
scopic study  of  the  arterial  walls  which  slinuM  re- 
veal the  lesions  already  described. 

DIIIF.RKNTIAI.  DI.VGNOSIS. 

I'urpur.i  fulminans  and  other  types  of  purpura 
must  be  ruled  out.  True  purpura  is  a  condition  in 
which   then'   ,in-  extravasations   nf   lilood    into   the 
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surrounding  tissues  as  a  result  of  some  disturbance 
or  defect  of  the  blood  clotting  mechanism.  In  acute 
arteritis  there  is  a  definite  picture  of  an  infection, 
with  leucocytosis ;  the  blood  platelets  and  clotting 
time  are  normal.  Syphilis  can  be  ruled  out  because 
of  the  fact  that  in  these  cases  there  is  a  septic  con- 
dition, as  well  as  by  the  absence  of  a  history  of  lues 
and  by  serological  study. 

CONCLUSIONS. 

1.  There  is  an  infection  of  the  arteries  independ- 
ent of  the  general  maladies  which  may  be  associated 
with  bacteremias. 

2.  It  is  an  acute  condition  with  a  definite  clinical 
picture. 

3.  According  to  reported  findings  in  the  literature 
it  is  presumably  caused  by  some  strain  of  strepto- 
coccus, and  the  point  of  entrance  may  be  the  throat. 

4.  The  lesions  in  the  vessels  are  varied.  The 
media  is  most  commonly  involved.  The  intima  and 
adventitia,  as  well  as  the  perivascular  tissues,  like- 
wise show  evidences  of  inflammation. 

5.  Diagnoses  such  as  purpura  and  gangrene 
should  be  questioned  until  all  definite  conditions  can 
be  excluded. 

6.  There  may  be  hematuria  and  albuminuria. 

7.  The  clinical  picture  in  the  early  stage  is  vague 
and  indefinite  so  far  as  a  diagnosis  is  concerned, 
although  it  is  quite  evident  that  the  patient  is  seri- 
ously ill.  Later  as  the  bloodvessels  become  more 
definitely  involved,  through  the  direct  action  of  the 
bacteria  or  their  toxins  upon  the  arteries,  thrombi 
are  produced  with  occlusion  of  the  lumen  of  the 
vessels  or  rupture  of  their  walls,  and  the  clinical 
aspect  becomes  clearer.  These  developments  may 
be  manifested  by  intense  pain,  socalled  purpuric  ex- 
travasations of  blood,  and  gangrene.  Diagnoses  of 
purpura  and  gangrene  are  then  likely  to  be  made — 
vague  terms  which  should  be  discouraged,  since  they 
fail  to  give  any  indication  of  the  underlying  patho- 
logical condition  or  its  etiology. 
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8.  Usually  the  extremities,  both  upper  and  lower, 
are  atTected.  The  larger  vessels  may  be  involved 
as  well  as  the  medium  sized  and  smaller  ones,  al- 
though the  latter  commonly  show  the  more  marked 
changes. 

9.  The  condition  may  terminate  fatally  within  a 
few  ilays  or  the  patient  may  gradually  recover  with 
sloughing  of  the  gangrenous  areas,  or  after  sur- 
gical intervention. 

10.  The  future  of  the  patients  who  recover  is 
problematical.  It  seems  hardly  possible  that  an  in- 
fection of  such  delicate  structures  can  subside  with- 
out leaving  some  permanent  damage.  It  will  be  in- 
teresting to  follow  up  such  cases  and  to  see  whether 
at  some  future  time  there  may  not  develop  circula- 
tory disturbances  with  symptoms  and  trophic 
changes  not  unlike  those  seen  in  Buerger's  disease, 
or  perhaps  endocardial  or  other  inflammations  of 
emlwlic  origin. 
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PITUITARY     DISORDERS     IN     THEIR     RELATION     TO 

ACR(^MK(;ALY    (  HYPER-PRE-PITL'ITARISM  ).   WITH 

SL'C.CI-.STIONS    FOR    THE    USE    OF    A     MoRl-: 

PR  ECl  SE    TERM  I  N(  )L( )(".  Y 

By    K.   II.    KKLMBHAAR,   M.D..   I'll.   U. 

Director  of  the  l-alxjratories  of  the  Phila.  Gen.  Hosp..  Assoc.  Prof,  of 
Pathology,   U.  of   P.  Grad.   School  of   Med. 

( l'"rom  the  Laboratory  of  Post  Morten  Pathology  of  the  Phila.  Gen.  Hosp,) 
Keao  Befokk  thk   Philadelphia  Physiological  Society,  Jan.  16,  1922. 

Diseases  of  the  pituitary  gland  possess  a  peculiar  ititerest  not  only 
for  the  internist  or  ophthalmologist  and  neurologist,  on  account  of 
the  character  of  the  syniptons  produced,  and  for  the  surgeon  on  ac- 
count of  the  problems  of  operative  intervention-,  but  al.so  to  the 
physiologist  and  "dynamic  pathologist"  concerned  with  the  relation 
of  this  structure  to  general  body  functions  in  health  and  disease.  In 
fact,  our  present  knowledge  of  the  pituitary  has  perhaps  been  chiefly 
advanced  by  the  clinical  study  of  cases  of  disordered  function,  a 
belief  which  has  made  me  think  it  worth  while  to  i)reseot  the  ac- 
companying series  of  cases.  Since  the  appearance  of  .Cushituj's 
masterly  monograph  10  years  ago,  but  little  i)ractical  progress  has 
been  made,  so  that  we  have  not  yet  fulfilled  his  i)rophecy  that  "we 
are  unquestionably  apjiroaching  a  stage  in  our  knowledge  when  the 
classification  or  grou|)ing  of  the  cases  here  employed  as  a  provisional 
basis  for  clinical  use,  will  no  longer  be  necessary."     For  instance, 
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in  the  most  recent  consideration  of  this  topic.'  the  pituitary  is  not  once 
considered  as  other  than  a  single  gland,  a  failure  that  would  be 
much  less  apt  to  occur  if  a  more  precise  terminology  were  in  vogue. 
Before  discussing  cases  in  detail,  therefore,  I  would  like  to  make  a 
plea  for  the  use  of  more  specific  terms  that  we  have  found  useful 
in  our  discussions  in  these  laboratories. 

The  pars  intermedia  and  the  pars  neuralis  are,  though  anatomically 
distinct,  considered  today  with  propriety  from  a  functional  point  of 
view  as  the  "posterior  lobe."  It  is  therefore  obvious  that  disturb- 
ances of  pituitary  function  may  be  grouped  under  5  heads:  1,  over- 
function  of  the  anterior  lobe,  2.  underfunction  of  the  anterior  lobe, 
3,  overfunction  of  the  posterior  lobe,  4,  underfunction  of  the  poste- 
rior lobe,  S,  perverted  function  of  one  or  both  lobes.  In  spite  of  this 
obvious  state  of  affairs  it  is  still  customary  (perhaps  on  account  of 
the  unavoidable  length  of  more  precise  terms)  to  use  the  older  terms 
hyper,  hypo,  and  dyspituitarism.  This  lack  of  precision  places  such 
a  handicap  on  the  intelligent  discussion  of  the  nature  of  disorders 
of  pituitary  function  and  of  given  endocrine  cases,  that  I  venture 
to  recommend  the  use  of  more  precise,  though  clumsier  terms. 
If  "hyf)ophysis"  and  "pituitary"  were  not  so  firmly  established  as 
synonyms,  one  might  take  advantage  of  their  etymological  deriva- 
tions to  designate  the  first  2  classes  as  hyper-  and  hypo-pituitarism, 
and  the  next  2  as  hyper-  and  hypo-hypophysiasm,  disregarding  the 
fact  that  the  p.  intermedia  probably  has  an  ectodermal  origin. 

With  the  addition  of  an  extra  syllable,  however,  we  may  use:  (1) 
hyper-pre-pituitarism ;  (2)  hypo-pre-pituitarism ;  (3)  hyper-post- 
pituitarism;   (4)   hypo-post-pituitarism ;   (5)   dyspituitarism. 

1.  As  hyper-pre-pituitarism  are  considered  such  growth  changes 
as  giantism  and  acromegaly  which  are  commonly  associated  with 
hyperplasia  or  adenoma  of  the  acidophile  cells  of  the  anterior  lobe. 

2.  Hypo-post-pituitarism  is  manifested,  in  the  present  state  of 
our  knowledge  at  least,  by  dwarfism.  There  are  but  few  definite 
clinical  observations  to  support  this  view,  but  it  is  probable  this 
deficiency  is  a  factor  in  many  cases  of  dwarfism.  The  possibility  of 
such  a  lesion  is  well  demonstrated  by  a  recent  finding  in  these  labora- 
tories of  almost  complete  loss  of  the  anterior  lobe.  (Fig.  17) 

3.  Hyper-post-pituitarism  is  likewise  a  rather  hazily  understood 

1  Hutinel.  V.  Mailleot.  Dystrophies  Glandulaires  et  Mono  Symptomatiques, 
.\nnales  de  Med.  '21,  X.  100. 


condition.  Lessened  sugar  tolerance,  increased  basal  metabolism  and 
other  aiititlieses  of  the  4tii  class  might  logically  be  inclu<led  here  and 
in  fact  have  been  so  placed  in  a  few  instances. 

4.  Hy|)o-post-pitiiitarisni  includes  a  large  and  better  known  group 
of  disorders  such  as  are  iironiincnt  in  Frolilicli's  syndrome  and  sim- 
ilar disturbances  of  metabolism,  cardio-rciial-vasciilar  regulation  and 
sexual  characteristics. 

5.  Under  dyspituitarism  should  be  grouped  following  Citshhufs 
suggestion,  mixed  or  transition  cases,  i.e.,  any  j)erversions  of  the 
functions  already  referred  to  or  those  cases  which  have  not  shown 
a  prejxjnderancc  of  symptoms  attributable  to  any  one  lobe.  Here 
also  must  be  j)Iaced  cases  that  have  jjrogressed  from  one  of  the  first 
four  groups  to  a  composite  mixture  of  symptoms  referable  to  hyper- 
or  hy])o-function  of  both  lobes,  as  Cushiiig  has  demonstrated  to  be 
so  frequently  the  case  in  acromegaly.  In  using  such  terminology 
it  nuist  al.so  be  borne  in  mind  that  the  relation  of  certain  clinical 
factors  of  considerable  importance,  such  as  "neighborhood"  or 
distant  cerebral  symptoms  and  of  the  other  glands  of  internal 
secretion  have  been  left  out  of  consideration. 

To  return  to  the  relation  of  pituitary  tumors  to  acromegaly  let  it 
suffice  here  to  recall  a  few  prominent  landmarks: 

1.  Their  frequent  association,  which  was  firmly  established  by 
clinico-pathological  evidence  within  a  few  years  of  Marie's-  original 
description  of  this  striking  clinical  condition  in  1882.  2.  Massa- 
loiigo's^  and  Taiubiirini's*  hypothesis  that  acromegaly  is  due  to  a 
by l)er function  of  the  anterior  lobe  (hyper-pre-pituitarism) ;  with 
MassaloiKjo's  corollary  that  giantism  results  if  the  ci>iphyses  are  not 
yet  ossified,  this  is  now  the  most  widely  accepted  view.  3.  Benda's^ 
demonstration  that  increase  of  the  acidophile  cells  of  the  anterior 
lobe  was  probably  the  imjwrtant  factor  in  producing  hyperf unction ; 
4,  the  discovery  of  various  accessory  hypophyses  (a.  hypophysis 
accessoria  cranii ;  b.  h.  a.  canalis  craniopharyngea ;  c.  h.  a.  pharyn- 
gea)  ;  5,'  and  by  Erdhcim's^  demonstration  of  an  acromegalic  with 
a  normal  hypophysis  but  with  an  acidophile  adenoma  of  the  pharyn- 

'  Marie.  P..  Revue  dc  Med  .  1886.  VI.  297. 
»  MassalotiRo.  R..  Riforma  Med..  1892,  VIII.  74.  871. 
♦  Tamburini.  .\..  Riv.  Sper.  di  frcniat..  1894.  XX.  559. 
sBcnda.  C.  Rerl    Klin    Woch,.  1900.  XXXVII.  1205. 
•Erdheim.  J.,  Franf.  Zcitsch.  of  Pathol,,  1910,  I\',  70. 


geal  hypophysis.  The  arguments  for  and  against  the  hyperfunction 
conception  of  acromegaly  are  to  he  found  in  Ciisltiiic/'s  book  (])age 
250  et  seq.)-  In  view  of  Erdheim's  discovery,  however,  it  seems 
only  proper  to  throw  out  of  count  all  cases  of  acromegaly  with  nor- 
mal pituitaries  in  which  the  accessory  hy])ophyses  have  not  also  been 
most  carefully  studied.  In  cases  of  acromegaly  with  non-acidophilic 
tumors  of  the  ]iituitary  the  possibility  of  a  progression  beyond  the 
acidophile  stage  must  also  be  borne  in  mind.  Even  when  many  of 
the  so-called  exceptions  to  the  hyperpituitarism  theory  are  put  in  the 
suspicious  class  by  such  means,  however,  it  must  be  recognized  that 
other  valid  exceptions  still  exist,  and  will  probably  increase  in  num- 
ber. Bailey^  has  recently  supported  this  view  with  the  cases  of  Cag- 
iictto,  Zak.  K rails  and  others  (acidophilic  increase  without  acro- 
megaly) and  with  Yaiiiada's  case  of  acromegaly  without  pathological 
change  in  the  pituitary.  I  cannot  see,  however,  that  adequate  evi- 
dence has  been  produced  to  support  the  view  that  the  hyperplasia, 
when  present,  is  secondary  to  some  biochemical  disturbance. 

Case  1 — (P.G.H.  Autopsy  No.  5645).  Chronic  Acromegaly.  \o 
signs  or  symptoms  of  cranial  disturbance.  Death  from  tuberculous 
pericarditis  and  cardiac  failure.  At  autopsy — acidophile  adenoma 
of  anterior  lobe  of  pituitary. 

History — J.  D.,  negro.  43,  laborer,  admitted  to  the  service  of 
Dr.  Riesman  in  the  Philadelphia  General  Hospital  on  October  25, 
1920.  suffering  from  shortness  of  breath  and  other  signs  of  marked 
cardiac  decompensation. 

The  diagnosis  of  acromegaly  was  made  by  one  of  the  staff  as  he 
saw  the  patient  arrive  in  a  taxicab.  No  change  in  his  appearance 
noticeable!  either  to  himself  or  his  friends,  had  occurred  in  at  least 
the  past  21  years.  Photographs  or  details  of  size  of  hands  and 
feet  were  unfortunately  not  available. 

For  three  months  he  had  been  suffering  from  shortness  of  breath 
on  exertion  and  evening  edema  of  ankles  and  feet.  Before  that 
time  he  had  successfully  labored  in  a  meat-packing  establishment 
carrying  heavy  cases  of  ice  and  boxes.  He  was  usually  called  on  to 
do  the  hardest  lifting  on  account  of  his  great  strength.  Three 
months  before  admission  he  weighed  248  pounds. 

•  Bailey,  P.,  Jour.   Med.   Research,   1921.   XL!!.  349. 


Mxcept  for  gonorrhea  at  IS.  and  a  cliancrc  at  23,  he  had  always 
been  heaUhy  and  strong,  and  had  never  taken  a  dose  of  medicine 
until  his  i)rfsent  ilhiess.  Was  never  married.  Was  a  heavy  whisky 
(h'inker  and  user  of  tol)acco. 

I  lis  father,  who  died  at  63  of  heart  trouble,  was  said  to  have  been 
a  very  large  man  and  to  have  had  a  large  head  and  hands.  Other 
family  history  negative. 

l-.xamlnation : — Showed  a  middle  aged,  colored  "giant"  (as  he 
was  5'  9"  tall,  this  must  have  referred  to  his  great  muscular  de- 
ve'opmeiit^.     Head  "diamnnd"  shaped,  gre.itcst  circumference  25". 


III,.   1. — (.'asc  1.     Showing  large  jaw  and  prominent  soft  tissues  of  nose 

month. 


and 


( )ccipii(i-inental  12",  occii)ito-froMtal  10".  Face  covered  with  short, 
kinky,  gray-black  hair;  hair  normal;  eyeballs  prominent.  I'upils 
and  eyesight  normal.  Tongue  very  large.  Teeth  in  fair  condition, 
spacing  between  teeth  of  u])i)er  row.  Hands  SJ/J"  long  and  very 
broad;  feet  11X>"  long,  very  broad  with  short,  stubby  toes.  Heart 
dullness  increased,  action  arrythmic,  with  mitral  systolic  mumiur, 
weak  muscle  sounds  and  roughened  .second  aortic.  I-tmgs :  signs 
tnasked  by  loud  bubbling  rales.     Death  from  pulmonary  edema. 

Clinical  Diagnosis: — .Acromegaly,  acute  myocarditis  with  decom- 
pensation, jmlmonary  edema. 

Aiilol^sy: — (Drs.  B.  Crawford  and  X.  Winkleman.) 


Skull  unusually  thick,  especially  in  the  frontal  and  occipital  region, 
in  one  area  measuring  2  cm.  in  diameter.  The  dura  was  normal ; 
the  pia  only  slightly  injected  and  presented  no  peculiarities.  The 
brain  itself  was  of  fairly  good  size  and  weighed  1.330  gms.  It  was 
not  edematous.     On  removal  of  the  brain  it  was  noted  that  there 


Fig.  2— Case  1.     Base  of  brain  showing  acidophile  adenoma  of  pituitary. 

was  a  large  tumor  of  the  pituitary  region  which  pulled  the  optic 
nerves  taut  and  when  this  tumor  was  lifted  up  with  the  pituitary,  the 
fossa  was  found  to  be  very  much  deepened  and  widened  and  the 
tumor  adherent  to  the  surrounding  periosteum  and  difficult  to  sepa- 
rate from  it.  At  the  anterior  angle  of  the  tumor  a  part  of  the  mass 
had  broken  through  the  capsule  which  surrounded  it  and  presented  as 


a  small  mulberry  mass  about  the  size  of  a  pea.  At  the  lower  surface 
of  the  tumor  there  was  a  fairly  definite  cyst  which  ruptured  on  re- 
moval and  extruded  a  semi-fluid  gelatinoid  material.  The  pituitary 
and  tumor  were  removed  en  masse  with  the  surrounding  twne  of  the 
sella  turcica.  The  tumor  itself  was  about  the  size  of  a  small  lemon, 
soft,  with  a  definite  capsule,  and  on  its  upjier  surface  the  pituitary 


l"ir..  3. — Case  1.  Photomicrograph  of  adenoma,  showing  uniform  type  of  cell, 
sinall  nucleus,  much  protoplasm,  containing  acidophile  granules.  Note 
absence  of  normal  acinous  arrangement  of  blood  vessels. 

gland  ])rcsente(l  as  a  small  flattened  ribbon-like  affair  that  was  diffi- 
cult to  differentiate  from  the  tumor  mass.  The  optic  chiasm  was 
flattened  out  and  extended  back  to  the  corpora  mammillaria  which 
was  crowded  posteriorly  and  also  flattened.  The  tumor  was  vascular. 
On  histological  examination  this  tumor  was  seen  to  be  composed 
almost  entirely  of  cells  closely  resembling  the  typical  acidophile  cells 
of  the  anterior  lobe.  The  arrangement  in  acini  was  very  imperfect 
and  connective  tissue  stroma  very  scanty.  Blood  vessels  were  re- 
duced in  number  and  only  moderately  filled  with  blood  corpuscles. 
The  generous  protoplasm  of  the  acidophile  cells  was  packed  with 
coarse  acidophile  granules,  the  small  compact  nucleus  being  ec- 
centrically placed.    They  varied  considerably  in  size.    Less  than  \% 
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were  baso])hile  and  clironio])liobe  cells,  the  latter  being  the  more 
numerous.  The  mulberry-like  mass  presented  a  similar  histological 
appearance  without  evidences  of  malignancy.  A  small  remnant 
of  the  anterior  lol)e  was  found  compressed  between  the  adenoma  and 
the  pars  intermedia. 


Fig.  4. — Case  2.     Showing  separation  of  teeth  of  lower  jaiv. 

The  other  pathological  findings  were  chronic  obliterative  tuber- 
culous pericarditis,  with  cardiac  hypertroj)hy  and  dilation;  lobular 
pneumonia  with  gangrene  of  the  left  lower  lobe ;  chronic  fibrous 
tuberculosis  of  lungs  and  lymphnodes,  and  chronic  fibrous  pleurisy. 

Case  2 — (P.G.H.  Autopsy  No.  6286).  \'ery  early  acromegaly, 
diagnosed  clinically  by  recent  clubbing  of  fingers  and  sejjaration  of 
lower  teeth,  with  suggestive  facies.  No  symptoms  of  cranial  dis- 
turbance. Death  from  pneumonia  and  lung  abscess.  At  autopsy, 
hyperplastic  i)ituitary,  chiefly  due  to  acidophile  cells  of  anterior  lobe. 


History:  11.  l-'..  while,  43.  janitor,  admilted  to  tlic  service  of  Dr. 
.bailor  in  the  I'liiladelphia  tieneral  Hospital  on  Septenil)er  30,  1921, 
sufTerinp  from  cough,  dyspnea  and  hlood  spitting. 

Beginning  acromegaly  was  suspected  by  Dr.  Sailer  on  account  of 
the  patient's  facies  and  markedly  clubbed  fingers  and  the  diagnosis 
strengtiiencd  by  the  fact  that  the  patient's  lower  teeth  were  con- 
siderably separated  and  that  the  spaces  had  only  begun  recently  to 


i  ,i> 


Showing    clubbing    of    fingers. 


increase.  Unfortunately  the  patient's  pulmonary  condition  was  too 
extreme  to  perrnit  proper  pituitary  tests.  Neither  he  nor  his  friends 
had  noticed  any  changes  in  his  appearance  other  than  those  men- 
tioned. 

The  jjatient  had  been  a  motoniian  until  he  had  a  bad  attack  of 
influenza  in  1917.  from  which  he  never  recovered.  Had  only  l)een 
able  to  do  the  ligiitest  janitor's  work  for  2  years,  suffering  from  a 
b;id  cough  with  copious  expectoration,  loss  of  weight  and  evening 
rises  of  temperature.  For  a  week  before  admission  these  symptoms 
had  l)een  worse,  with  blood-tinged  sputum. 
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He  had  had  scarlet  fever  and  otitis  media  at  16.  Hahits  irregular, 
but  denied  venereal  disease.  His  mother  died  of  influenza  in  1917 
and  one  brother  of  "galloping  consumption." 


Fig.  6.— Case  2.     Base  of  skull,  with  enlarged,  deepened  pituitary   fossa. 
Evamination:—FaUent  prefers  sitting  posture  and  is  very  dysp- 
noeic      Pupils  irregular  but  react  promptly  to  light  and  accommoda- 
tion    No  disturbance  of  vision.    Hair  normal.    Teeth  m  bad  shape, 
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aiui  lower  teeth  widely  apart.  Tongue  nornial.  Thyroid  not  pal- 
pable. Fingers  short  and  fat,  with  marked  clubbing  of  tips.  Toes 
also  clubbed.  The  lungs  showed  signs  of  consolidation  of  left  base 
and  impairment  of  left  apex.  The  heart  was  enlarged  with  a  sys- 
tolic  murnutr   transmitted   to   the   axilla.     The   electrocardiogram 


/. 
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1  h..  7— Case  2.  Transverse  section  of  pituitary,  showing  hyperplasia  due 
chiefly  to  acidojihiles.  .\reas  of  the  3  types  of  cells:  (17)  acidophiles 
Kreatiy  predoininant ;  (6)  basophiles  luinHTous;  (c)  chromophobe  cells 
(dcRcnerated    chromophiles    (.')]    precldiniiiatit. 


showed  left  ventricular  ])reponderancc.  Leucocytes  34.400,  polys 
827r.  lymphocytes  177r,  mononuclears  I7c.  R.B.C.  5.120.000.  VVas- 
sermann  4  plus  in  all  antigens.  Blood  pressure  110 — 70.  Urine: 
heavy  trace  of  albumin,  hyaline  casts.  In  spite  of  digitalis  and 
neoarsphenaminc  the  patient  grew  steadily  weaker  and  died  from 
pulmonary  edema. 

Clinical    Diagnosis: — Begiiming    acromegaly,    lobar    pneumonia, 
chronic  mitral  endocarditis  and  nephritis,  sypliilis.  jnilmonary  edenta. 


12 


Autopsy: — (Drs.  Weiss  and  Patfen.)  Meninges  normal  except 
for  pial  thickening  of  interjieduncular  space.  Skull  normal.  Brain 
weighs  1,473  gms.  and  is  apparently  normal.  The  pituitary  body, 
cupped  on  the  superior  surface,  is  distinctly  enlarged,  measuring 
17x12x7  cm.  The  post  lobe  is  of  normal  size,  and  the  infundibulum 
is   normal    but    somewhat    to   the   left   of    the   midline.      The    sella 
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Fig.  8. — Case  2.     High  power  of  area  .\.     .\11  the  larger  cells  and  many  of 
the   smaller   are  acidophiles,   the   remainder   chromophobes. 

turcica  is  unusually  deep,  with  a  normal  floor,  and  slight  hypertrophy 
of  the  postclinoid  j)rocesses. 

On  histological  examination  the  acidophile  cells  are  found  to  be 
greatly  predominating  in  almost  one-half  (20  out  of  45  low  power 
fields)  of  a  transverse  section  of  the  anterior  lobe.  This  predomi- 
nance is  especially  marked  in  symmetrical  postero-lateral  areas  of 
the  anterior  lobe  (see  Fig.  7)  but  is  not  limited  by  a  connective  tissue 
framework  that  extends  fanwise  from  the  pars  intermedia.  In  these 
areas  acido]ihiles  were  computed~~to-  comprise  83.7%  ;  basophiles 
3.4%  ;  chromophobe  cells  12.9%.  In  a  mesial  belt  of  the  same  sec- 
tion (occupying  7  of  43  lower  fields)  basophiles  are  much  more 
prominent,   though   acidophiles   and   chromophobes   are    still   to   be 
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found  in  considerable  nunihers  ( aciclophiles  IC/J'/J  :  basophiles 
53.6y(  ;  chromophobe  cells  29.3''f ).  The  basojjhiles  showed  a  slight 
tendencv  to  vacuolization.  In  the  intennediato  areas  chroniophob<- 
cells  are  more  numerous.  Many  of  these,  however,  arc  large  cell> 
with  all  the  characteristics  of  a  chromophile  cell  except  the  granules. 
SI)  that  it  .seems  i)robable  that  they  are  altered  or  degenerated  cells  of 
the   acidophile   or   l)aso])hile   type.      A    differential    count    in   these 


I'lo.  9.— Case  2.     Area  B   (a)  acidophiles;   (/')   basophiles;    (<')chromophol}es. 

regions  reveals:  acidophiles  7.5%;  basophiles  13%;  large  chromo- 
phobes (  ?)  30'/,  ;  small  chromophobes  49..^'^>.  It  is.  therefore,  ob- 
vious that  not  only  is  the  anterior  lobe  considerably  increased  in  size 
but  that  the  proi>ortion  of  acidophiles  within  the  lobe  is  also  con- 
siderabfy  increased  above  normal. 

The  following  body  measurements  are  i)ertinent :  Length  170  cm., 
weight  190  lbs. ;  circumference  of  head  60  cm. ;  length  of  nose  7  cm. ; 
torso — leg  ratio  4.=;.6x96.2  cm.;  length  of  arm  36.  of  forearm  30; 
of  hand  21  ;  of  middle  tingers  15  :  circumference  of  hand  22.5  ;  length 
of  thigh  42.5  ;  of  leg  45  ;  of  foot  26 ;  circumference  of  foot  25  cm. 
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The  other  pathological  findings  were :  pulmonary  abscess  of  left 
upper  lobe  with  bilateral  supperative  pneumonia,  chronic  mitral  and 
aortic  endocarditis. 

Case  3:— (Pa.  Hospital  Autopsy  No.  1759.)  Acromegaly  of  2 
years'  standing,  failing  vision  of  right  eye  for  one  month.  Head- 
ache 2  weeks.    Cause  of  death  not  ascertained  (  cerebral  pressure  ?). 


Fig.  10.— Case  2.     -Area  C,  lettering  as  in  Fig.  9. 

At  Autopsy,  degeneration  cyst  of  pituitary,  with  remnants  of  adeno- 
carcinoma (?)  of  anterior  lobe  in  cyst  wall. 

History :— C.  V.,  white,  23.  butcher,  admitted  to  the  service  of  Dr. 
Newlin  in  the  Pennsylvania  Hospital,  October.  1914,  on  account  of 
headache.  The  diagnosis  of  acromegaly  had  been  made  on  a  pre- 
vious admission  in  1912.  The  onset  of  the  disease  was  first  noticed 
2  years  previously  when  his  hands  were  found  to  be  getting  larger. 
Shortly  after  his  feet  began  to  enlarge,  with  a  change  in  the  size  of 
his  shoes  from  Jyi  in  1911,  to  II/2  in  1914.  He  had  constant  head- 
ache for  2  weeks  before  admission  for  the  first  time  since  his  sick- 
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ncss  began.     ( )ne  month  before,  he  noticed  that  sight  in  his  right 
eye  was  failing.     Vision  of  left  eye  and  hearing  normal. 

In  1913,  when  he  was  admitted  conii)!aining  only  of  jiain  in  his 
left  leg,  the  iH;ciiliar  develoi)inenl  was  noted  as  being  more  marked 
in  the  soft  parts  than  under  the  X-ray.  The  sella  turcica  was  found 
to  he  '  J  larger  tlian  normal  and  the  iwstciinoid  processes  almost 


Fig.  11.— Case  3.     Cyst  wall  with  infiltrated  carcinomatous  tissue. 

destroyed.  Eyes  reported  normal  except  for  an  external  strabismus 
of  the  right  (Shoemaker).  His  past  history  and  family  history 
were  negative. 

£j:o»M)ia/io>i :— Gigantic  in  size  and  development  (183  cm.  tall). 
Head  abnormally  large  (59  cm.  in  circumference).  Eyes  divergent, 
fixes  with  left  eye.  ocular  movements  full.  Right  eye  blind,  no 
light  perception ;  left  eye  shows  temporal  hi  mianopsia.    The  jaw  is 
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large  and  the  distance  from  the  nose  to  the  tip  of  the  chin  increased. 
The  upper  teeth  show  some  spacing,  the  lower  teeth  do  not.  Hair 
of  scalp  and  body  normal.  Ears,  nose,  tongue  and  mouth  very  large. 
Does  not  appear  to  be  mentally  acute.  iMilargement  of  upper  ex- 
tremity involving  distal  ends  of  radius  and  ulna.  Hands  large  and 
spade-like,  with  thickening  of  finger  pads,  but  have  not  lost  their 
symmetry.  Grip  weak.  Feet  tremendously  enlarged  (30.5  cm. 
long).     Wassermann  negative. 

At  Autopsy: — (Dr.  Samuel.)  The  skull  was  found  to  be  relatively 
thinner  than  the  other  bones.  The  sella  turcica  was  broadened  and 
thickened.  The  pituitary  was  replaced  by  a  cyst  under  tension, 
measuring  4x6x3  cm.  in  diameter.  The  walls  were  very  thin  and 
translucent,  with  evidence  of  a  thin,  compressed  layer  of  glandular 
tissue  on  one  side.  The  optic  chasm  was  stretched  over  the  belly 
of  the  cyst. 

Histological  cxaiiiiiiatioii  of  this  area  showed  atypical  acinous  epi- 
thelial cells  with  large  nuclei,  varying  considerably  in  size  and  in  a 
few  instances  undergoing  mitosis.  They  were  not  enclosed  in  acini 
but  interspersed  with  varying  amounts  of  connective  tissue  that  pro- 
duced not  infrequently  an  effect  of  clumping.  This  connective  tissue 
was  both  of  a  sparse  cellular  and  dense  fibrous  type.  The  wall  of 
the  cyst  was  not  lined  with  cells.  A  few  other  microscopic  cysts 
were  also  found. 

The  autopsy  also  disclosed  a  marked  congestion  of  the  abdominal 
viscera.  The  thyroid,  thymus,  adrenals  and  pancreas  were  normal. 
The  testicles  showed  an  increased  amount  of  connective  tissue  be- 
tween the  lobules.  An  acute  interstitial  nephritis  was  apparently 
the  cause  of  death. 

Case  4: — (Pa.  Hospital  Autopsy  No.  1126.  Bulletin  Ayer  Clini- 
cal Laboratory,  Philadelphia,  1908,  No.  5,  p.  32.)  No  signs  of 
acromegaly  or  other  disorders  of  pituitary  function.  Signs  of 
intracranial  pressure  for  6  months.  Death  from  acute  endocarditis 
and  bronchopneumonia.  At  autopsy  a  chromoj)hobe  adenoma  of 
the  anterior  lobe  of  the  pituitary,  with  preservation  of  the  com- 
pressed anterior  and  posterior  lobes. 

Historv: — W.  B.,  43,  negro,  laborer,  admitted  to  Pennsylvania 
Hosiiital,  August  11,  190S.  during  the  service  of  Dr.  Newlin.     His 
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fainilv  lii>l()i_s  \\a>  ncyalivc.  lie  was  Ixini  in  tlic  lighlli  montli  o{ 
prcjjnaiHv  and  was  weak  till  he  was  10  or  12  years  nU\.  lie  had 
umporary  lateral  curvature  of  the  spine  which  he  outgrew.  At  18 
he  was  strong  an<l  healthy.  He  always  worked  at  hard  manual 
labor.     11  is  wife,  married  ten  years  ago,  says  he  was  as  corinilent 
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;iM-  of  hrain.  showing  chroin<n)htil)0  adoiuiiiia  of  pituitary. 


aiitl  strniif;  tlicn  as  at  present,  ."^lie  hail  one  almrlion  in  ihe  seventh 
month  of  i)regnancy,  and  had  one  child  which  lived  only  a  few  hours. 
\eneral  history  was  denied.  Sexual  habits  normal.  The  patient 
always  drank  to  excess  and  smoked  tobacco.  "He  always  seemed 
til  sutTer  in  the  top  part  of  his  head"  and  has  always  ha<l  headaches 
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since  a  small  boy.  These  have  been  worse  since  his  skull  was  frac- 
tured (?)  by  a  blow  from  an  iron  gate,  three  years  ago. 

Last  winter  he  first  noticed  attacks  of  dizziness,  nausea,  vomit- 
ing and  increased  headache.  The  sight  of  both  eyes  bcglan  to  get 
dim.  Lately  the  attacks  have  come  about  once  a  week.  On  the 
day  of  his  admission  he  had  an  attack  in  which  he  was  unable  to 
stand  upright  or  to  speak,  though  he  was  conscious  and  evidently 
understanding  what  was  said  to  him.  When  he  arrived  in  the  patrol 
wagon  he  was  unconscious  and  limp.  Later  he  became  stiff  all  over 
and  died  two  hours  after  admission  without  regaining  consciousness. 
The  urine  contained  albumin.    No  physical  examination  made. 

At  Autopsy: — (Dr.  Krutnbhaar.)  T'he_  following  measurements 
were  taken:  The  body  weighs  195  lbs.,  and  measures  175  cm.  in 
length  ;  circumference  of  head,  S7.5  cm. ;  from  symphysis  .of  chin 
to  angle  of  jaw,  12  cm. ;  chest  108.5  cm. ;  abdomen  98.5  cm. ;  from 
top  of  sternum  to  symphysis  of  pubis  58  cm. ;  from  tip  of  acromion 
to  styloid  process  of  radius  62  cm. ;  circumference  of  arm  35  cm. :  of 
forearm  30  cm. ;  from  styloid  process  of  ulna  to  tip  of  forefinger 
19  cm. ;  from  great  trochanter  to  internal  malleolus  88  cm. ;  circum- 
ference of  thigh  59  cm.,  of  calf  38  cm. ;  length  of  foot  27.5  cm. 

Brain :  On  removing  the  calvarium,  which  is  normal  and  not 
thickened  and  shows  no  signs  of  fracture,  the  meninges  appear 
normal  and  the  brain  tissue  somewhat  soggy.  The  lateral  ventricles 
are  distended  with  fluid.  Weight  of  brain  1,240  gms.  The  pituitary 
fossa  is  found  to  be  much  enlarged  and  to  be  filled  with  a  humor- 
like mass  about  the  size  of  a  crab-apple.  The  fossa  is  shallow  and 
has  a  much  wider  diameter  than  normal.  The  posterior  clinoid  proc- 
esses are  obliterated. 

The  tumor  occupying  the  sella  turcica  is  reddish-gray,  soft  and 
almost  fluctuating.  It  shows  some  dark  red  areas  and  dilated  vessels. 
On  section  it  is  found  to  have  a  similar  hemisphere  (about  twice 
the  size  of  the  other)  which  projects  up  into  the  right  frontal  lobe. 
On  its  anterior  surface  is  a  smaller  lobule  the  size  of  a  cherry.  The 
two  hemispheres  are  constricted  about  the  middle  by  the  optic  chiasm 
anteriorly  and  by  the  optic  tracts  posteriorly.  Until  the  pia  was 
dissected  only  the  half  below  this  constricting  girdle  was  visible.  The 
cut  section  of  this  tumor  mass  bulges,  is  moist  and  of  a  reddish 
flesh  color.     The  optic  chiasm  and  tracts  are  much  stretched  and 
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attenuated  by  pressure  from  the  tunior.  On  separating  the  loose 
connective  tissue  which  joins  them  to  the  tumor,  it  can  be  lifted  out 
of  its  socket  except  for  a  long,  thin,  delicate  jiedicle  joining  it  to 
the  base  of  tlie  brain. 

Sections  from  all  parts  of  this  tumor  show  a  very  cellular  tissue 
that  varies  but  little  in  different  parts.     Kcninants  of  both  portions 


Fig.  13. — Case  4.    Encapsulated  adenoma,  composed  of  small  chromophobe  cells. 

of  the  normal  gland  are  found  stretched  about  it  like  an  envelope, 
with  columns  of  compressed  cells  in  the  anterior  lobe.  The  tumor 
is  hounded  by  a  fairly  thick,  regular  capsule  which  in  no  place  ap- 
pears to  be  infiltrated  by  the  cells  of  the  mass  of  the  tissue.  The 
tumor  cells  have  a  small  round,  highly  chromatic  nucleus  and  either 
no  visible  protoplasm  or  considerable  homogeneous  protoplasm,  the 
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latter  appearing  not  unlike  a  plasma  cell.  Nothing  a])i)roaching 
chromophile  granules  is  demonstrable  by  ordinary  or  special  stains. 
Frozen  sections  and  teased  specimens  show  th  esame  character  of 
cell.  The  interstitial  tissue  is  very  scanty  for  the  most  part  showing 
as  extremely  fine,  delicate  blue  fibres  ( Mallory's  stain)  or  occa- 
sionally short  sections  of  fairly  small  trabeculae.  Special  stains 
for  neuroglia  fibres  (Weigcrt  and  Mallory),  myelin  sheaths  (W'ei- 
gert)  and  elastic  fibres  ( Verhoefif's )  fail  to  show  their  presence. 
Small  capillaries  are  fairly  numerous  in  some  sections  (especially 
those  from  the  superior  and  posterior  portions)  but  are  very  sparse 
in  other  parts.  A  very  few  larger  vessels  are  found  in  the  tissue, 
but  even  in  these  only  a  few  scattered  elastic  fibres  can  be  found. 

In  addition  the  autopsy  showed  an  acute  vegetative  mitral  endo- 
carditis, lobular  pneumonia,  marked  congestion  of  viscera,  chronic 
mitral  and  aortic  endocarditis  with  cardiac  hypertrophy,  chronic 
])leurisy  and  arteriosclerosis.  The  other  glands  of  internal  secre- 
tion were  normal,  except  for  a  marked  congestion  of  the  para- 
thyroids and  localized  areas  of  fibrosis  in  the  testicles  which  were 
equalled  by  sclerotic  changes  in  other  organs. 

Case.5  :^(Philadelphia  Gen.  Hosp.  Autopsy  No.  6048.)  Failing 
vision  beginning  3  years  ago  and  progressing  to  total  blindness  with 
coincident  signs  of  hypo-post-pituitarism.  No  relief  from  decom- 
pression operation.  Cause  of  death,  brain  tumor.  At  autopsy, 
cyst  of  pituitary  with  destruction  of  both  lobes  and  of  optic  chiasm. 
Visceral  hypoplasia. 

History: — P.  J.,  mulatto,  29,  stevedore,  admitted  to  the  service 
of  Dr.  Lloyd  in  the  Phila.  Gen.  Hosp..  Dec.  12,  1920,  complaining 
of  lost  vision  and  headaches.  His  eyesight  began  to  fail  in  1918 
after  a  severe  attack  of  influenza.  It  got  better  in  the  spring  of 
1919  and  he  was  able  to  work  till  April,  1920.  when  it  became  so 
bad  that  he  could  not  see  enough  to  get  around.  It  grew  gradually 
worse  until  2  weeks  before  admission,  when  spells  of  weakness  and 
staggering  supervened.  He  has  been  subject  to  frontal  headache 
since  he  was  "beaten  up"  in  a  riot  4  years  ago,  but  headaches  have 
been  much  worse  since  May,  1920.  He  states  that  he  has  not  had 
an  erection  for  4  years  and  had  no  sexual  desire  for  2  years.  He 
always  feels  cold  and  generally  uncomfortable,  and  has  recently 
had  several  sudden  attacks  of  projectile  vomiting. 
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He  had  measles  as  a  child  aiul  iiiHiK-iiza  in  1918.  Admits  gonor- 
rhea but  denies  any  other  venereal  disease.  He  stopped  smoking 
cigars  some  time  ago  and  never  drank.  He  had  eye  trouble  in  1916, 
but  was  greatly  improved  after  his  eyes  were  refracted  at  the  Wills 
ICye  Hospital.  His  wife  and  2  children  are  healthy ;  his  family 
history  negative. 

Examination : — Is  well  nourished,  but  the  fat  distribution  is  of 
feminine  type,  body  hair  sparse,  and  external  genitalia  undeveloped. 
The  left  pupil  larger  than  right,  laterally  oval,  and  reacts  very 
slightly  to  light,  while  the  right  pupil  fails  to  react.  Vision  in  left 
I  ye  1/45,  with  concentric  contraction  of  visual  field.  Right  eye 
blind.  No  extraocular  or  other  motor  palsies.  Sensation,  including 
taste  anti  smell,  not  impaired.  Reflexes  normal,  except  for  absent 
Achilles  jerk.  Habinski  negative.  Hearing  and  Barany  tests  normal. 
Sugar  tolerance  increased  (on  3  occasions  150,  200.  and  250  gms. 
<if  glucose  failed  to  appear  in  the  urine).  X-ray  (13309)  shows 
^illa  turcica  greatly  enlarged  and  floor  almost  entirely  de.stroyed. 
Urine  and  W'assermann  negative.  Hemoglobin  70''r  ;  R.B.C.  3,S10,- 
OOO;  Lets.  9,200;  (polys  51'/.  )•     Blood  pressure  96-60. 

With  a  fairly  certain  diagnosis  of  jjituitary  disease  a  subtemjwral 
decompression  was  then  performed  as  the  more  dangerous  attempt 
at  extiriiation  did  not  seem  justifiable  with  the  advanced  state  of 
the  optic  atrophy.  This  gave  only  teniporar)'  relief,  and  the  ad- 
ministration of  pituitary  extract  proved  entirely  ineffectual.  Some 
3  months  later  he  gradually  grew  weaker,  refused  nourishment  and 
died  with  the  usual  signs  of  increased  intracranial  pressure. 

At  Autopsy: — ( Drs.  Lucke  and  Winkelman.)  The  body  mea- 
sured 165  cm.  and  weighs  70  k.  Bone  .development  normal,  but 
soft  i)arts  show  a  distinct  feminine  habitus  ( fat  distribution,  cur\ed 
hips  and  thighs,  mammary  glands  slightly  prominent,  etc.).  Beard 
and  mustache  very  scanty  with  downy  hair  (equalling  that  of  an 
average  Ixjy  of  15).  Lips  fleshy.  Skull,  hands  and  feet  normal  size 
and  shape,     l^xternal  genitalia  small. 

The  brain  weighs  1,5.S0  gms.  an<l  is  lightly  edematous.  At  the 
base  a  large  greenish  mass,  5x9  cm.,  occupies  the  pituitary  fossa 
and  a  deep  depression  in  the  cerebrum.  .\  locule  4  cm.  in  diameter 
extends  in  the  middle  fossa  iK-neath  the  right  temporal  lol)e.  On 
cutting  transversely  through  the  cyst  it  is  found  to  extend  through 
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the  basal  ganglia  on  the  right  side  destroying  the  greater  part  of  the 
optic  thalamus  and  invading  the  internal  capsule.  The  roof  of  the 
cyst  is  a  definite  wall  in  the  basal  ganglia  with  hartiened  and  brown- 
ish discolored  tissue  beyond.  The  optic  nerves  are  flattened  alnrost 
to  paper  thickness  with  practically  no  remnants  of  the  chiasm  re- 


FiG.    15. — Case   5.     Base   of   skull,   with   oulargcci    sella   turcica   communicating 
with  left  sphenoidal   sinus.     Internal  carotid  arteries  indicated  by  probes. 

maining.  80  cc.  pf  brownish  cyst  fluid  had  a  sp.  gr.  of  1.027  and 
contained  albumin,  50  mgm.  sugar  per  100  cc,  590  mgm.  chlorides 
per  100  cc.  and  many  cholesterol  crystals,  with  a  positive  Lieber- 
niann  Burchard  test  for  cholesterol.  No  histological  examination 
was  made,  as  no  remnants  of  the  pituitary  gland  could  be  found. 

The  testes  are  small  (3x1^  cm.)  and  moderately  firm.  Cut 
surface  shows  many  pale,  fibrous  streaks.  The  adrenals  are  about 
Yi  their  normal  size  and  measure  only  2  mm.  in  diameter.     The 
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yellow  outer  cortex  and  brownish  inner  cortex  are  equally  thin 
and  tlic  grayish  medulla  somewhat  congested.  Microscopically,  con- 
siderable fatty  degeneration.  Thyroid  normal.  Thymus  not  found, 
riie  aorta  hyiuiplastic  {-i'/'i  cm.  in  circumference)  but  of  normal 
texture.     The  heart  is  pale  and  small    (weight  210  gms.).     The 
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•k;.  10. — Case  5.  Base  of  brain  showing  large  pituitary  cyst,  with  a  large 
lobule  under  right  temi)<)ral  lolx.-.  The  flattened  chiasm  constricts  the 
center  of  the  cvst. 


valves  normal ;  the  foramen  ovale  patulous  to  a  small  probe.     A 
mild  chronic  nephritis  and  fibrosis  of  the  spleen  were  also  found. 

Coiinitent : — Case  1  (J.  D.)  is  a  frank  case  of  acromegaly  in 
which  an  acidophile  adenoma  of  the  anterior  lobe  was  found  at 
autopsy.  It  is,  therefore,  in  accord  with  the  theory  that  an  increase 
of  the  acidophiles,  representing  an  increased  activity  of  the  an- 
terior lobe,  is  responsible   for  the  development  of   acromegaly. 
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Case  2  (JL.  F.),  which  also  supports  this  theory,  is  of  especial  in- 
terest as  an  extremely  early  case  of  acromegaly,  perhaps  the  earliest 
recorded  that  has  come  to  autopsy.  The  distinct  (though  not 
extreme)  hyperplasia  of  the  anterior  lobe  had  been  sufficient  to 
enlarge  the  sella  turcica,  but  could  not  conceivably  have  exerted  any 
increase  of  intracranial  pressure.  It  is  especially  regrettable  that 
time  and  the  patient's  condition  did  not  permit  a  more  extensive 
ante-mortem  study  to  be  made.  The  distribution  of  acidophile  pre- 
dominance in  certain  lateral  areas  of  the  anterior  lobe  was  also  of 
interest,  as  were  the  peculiar  large  cells  with  rarefied  protoplasm  in 
the  anterior  regions  of  the  anterior  lobe.  It  was  difficult  to  avoid 
the  impression  that  these  were  chroniophile  cells  which  for  some 
unexplained  reason  had  lost  their  granules.  It  is  noteworthy  that 
in  some  of  the  lower  animals  the  anterior  lobe  can  be  subdivided 
grossly  into  similar  areas.  The  occurrence  of  ^3.7'/,  acidophiles 
in  areas  representing  more  than  half  of  a  transverse  section  of  a 
grossly  enlarged  anterior  lobe  seems  quite  sufficient  to  warrant 
the  diagnosis  of  acidophile  hyperplasia.  There  is  also  a  reasonable 
chance  that  the  large  chromophobe  cells,  too,  had  recently  been 
actively  functioning  acidophiles.  In  painstaking  dilTerential  counts 
of  the  hypophysis  of  the  woodchuck,  Rasiiiiisscii'"  found  that  the 
acidophiles  normally  were  slightly  less  numerous  than  the  chromo- 
phobe cells,  although  roughly  ten  times  as  numerous  as  the  baso- 
philes.  I  have  not  been  able  to  find  comparative  figures  for  man. 
but  certainly  the  proportion  of  acidophiles  is  normally  much  less 
than  in  this  case.  In  this  connection  Lewis'"  case  of  acromegaly 
with  a  pituitary  of  normal  size  but  with  a  great  increase  of  the  pro- 
portion of  acidophiles  should  also  be  borne  in  mind. 

Case  3  (C.  V.)  is  a  good  example  of  how  a  pathological  lesion 
may  so  progress  that  the  original  etiological  factor  is  obscured. 
Assuming  the  correctness  of  the  theory  above  given,  the  pituitary 
cyst  in  this  case  was  probably  preceded  by  an  adenoma  of  the 
anterior  lobe  with  consequent  acromegaly.  With  carcinomatous 
degeneration  and  cyst  formation,  however,  all  such  evidences  were 
destroyed  and  if  the  patient  had  lived  long  enough  doubtless  evi- 

"  Rasmussen,  A.  T.,  Endocrinology,  1921,  V.  32. 

0  Lewis,  D.D.,  Johns  Hopkins   Hosp.   Bnll.,   1905.   X\"I.   157. 
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deuces  of  hyi)o-i)ost-pituitarisni  would  liave  suj)erveni*<l.  It  i>, 
of  course,  realized  that  this  interpretation  is  not  ca])able  of  proof 
and  that  the  similarity  of  tlie  lesions  in  this  and  in  case  3  might  well 
he  empliasizfil  l)y  opponents  of  this  tlieory. 

Cases  4  ( W.  B.)  and  5  (V.  J.)  are  offered  by  way  of  contrast  as 
examples  of  pituitary  tumors  that  do  not  cause  acromegaly.    Case  4, 
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I'm;.  17. — HciiiuriliaKi'  into  ami  fibrosis  ol  ^x>^h  lobes  of  pituitary  with  hardly 
any  normal  tissue  rcmaininK.  No  symptoms  were  observed  and  the  con- 
dition was  discovered  by  accident  at  autopsy.  .-/.  Kemnant  of  acinous 
tissue  of  anterior  IoIh".  li.  Pars  intermedia  and  colloid.  C.  Fibrosed 
and  fatty  |)Osterior  IhIk's.     />.     Htniorrbanes  in   lx>th  lubes. 

a  chronic )phol)e  adenoma  of  the  anterior  lobe,  compressing  but  not 
destroying  tiie  anterior  and  posterior  lobes,  is  especially  useful  in 
bringing  out  this  distinction,  as  no  signs  of  disordered  pituitary 
function  of  any  kind  were  to  be  found  or  susi)ecte<l.  at  least  by  the 
methods  then  in  vogue.  In  Case  5,  a  large  pituitary  cyst,  signs  of 
hy|)o-i)ost-pituitarism  and  of   intra-cranial   pressure  predominated 
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from  the  start.  With  destruction  of  the  anterior  lobe  one  might 
look  also  for  signs  of  hypo-pre-pituitarism  as  well,  but  here,  as  in 
the  case  illustrated  by  Fig.  17,  such  signs  were  as  far  as  could  be 
told  absent  for  reasons  that  as  yet  remain  unexplained.  The  onset 
of  the  disorder  in  adult  life  would  jjrevent  the  development  of 
skeletal  infantilism,  just  as  pure  giantism  is  found  only  if  hyper- 
pre-pituitarism  occurs  before  normal  skeletal  development  is  finished. 


Fig.    14. — Papillary   cyst  adenoma  of   pituitary,   arising   probably    from   hypo- 
physeal  duct.      No  symptoms.      Discovered   accidentally   at  autopsy. 

Conclusions:  1.  The  theory  that  acromegaly  is  due  to  (or  at 
least  follows)  hyperfunction  of  the  anterior  lobe,  after  ossification 
of  the  epiphyses,  as  expressed  by  an  increase  in  acidophile  cells,  is 
supported  by  the  cases  of  this  series  as  well  as  by  the  majority  of 
those  in  the  literature. 

2.  The  acidophile  increase  may  be  expressed  either  as  a  hyper- 
plasia of  the  normal  lobe  (Case  2)  or  as  an  adenoma  (Case  1). 

3.  After  the  development  of  acromegaly  the  pituitary  lesion  may 
undergo  cystic  degeneration  (Case  3),  so  that  lesions  of  this  nature 
do  not  necessarily  contradict  the  above  theory. 
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4.  I'ituitary  tumors  may  exist  for  many  months  even  to  the  ex- 
tent of  destroying  both  lobes  without  giving  obvious  signs  of  so- 
called  pituitary  disease.  It  is  probable,  however,  that  in  most,  or 
all,  of  these  cases  careful  functional  tests  would  reveal  a  latent 
disorder. 

5.  .\  more  precise  terminology  than  that  now  in  use  is  recom- 
mended for  the  better  discussion  and  elucidation  of  disturbances  in 
pituitary  function. 

I  wish  to  thank  the  several  clinicians  and  pathologists  mentioned 
for  their  courtesy  in  allowing  this  use  of  their  materials. 


A     SILVER     DIFFUSION     METHOD     FOR    STAININt; 
NER\E     FIBERS     IN     PARAFFIN     SECTIONS* 

WALTIiR    FREEMAN.    M  D. 

PHILADELPHIA 

The  method  detailed  below  varies  little  from  that  described  by 
W'arthin  and  Starry  '  for  the  deiTioiistration  of  spinKhetes  in  paraffin 
sections.  The  only  modification  has  been  the  substitution  of  a  gelatin 
film  for  the  ca{)illary  space  between  the  two  coverslips.  Warthin  and 
.^tarry  attached  paraffin  .sections  to  coverslips,  washed  them  in  silver 
nitrate  solution,  pressed  a  second  coverslip  over  the  section,  and  allowed 
silver  nitrate  .solution  to  diffuse  in  between  the  two  coverslips. 

When  their  method  was  used  on  a  suspected  gumma  of  the  brain, 
it  was  found  that  numerous  fillers  were  stained,  uut  none  of  them  could 
be  identified  as  spirochetes.  With  the  idea  of  determining  the  possi- 
bilities of  the  stain  in  regard  to  nerve  fibers,  an  investigation  was 
undertaken  which  resulted  in  obtaining  such  preparations  as  are  shown 
in  the  illustrations. 

One  difficulty  with  the  Warthin-Starry  coverslip  method  was  the 
uneven  character  of  the  silver  deposit.  This  was  done  aw.iy  with  by 
embedding  the  coverslip,  face  up.  in  a  warm  10  per  cent,  gelatin  .solu- 
tion, allowing  it  to  harden,  and  then  pouring  silver  nitrate  on  the 
surface.  The  silver  nitrate  then  diffused  down  to  the  section.  I^ter 
the  gelatin  was  melted  off  and  the  coverslip  immediately  immer.sed 
in  the  developing  solution  exactly  as  recomircnded  by  the  authors 
cited.  Even  staining,  so  much  desired  in  all  the  silver  methods  was 
usually  obtained. 

The  method  has  its  limitations.  It  is  not  adapted  to  anatomic  work 
since  it  does  not  stain  the  finest  ramifications  of  the  nerve  fibers,  nor 
such  fibers  as  occur  in  the  deeper  layers  of  the  retina.  Due  to  shrinkage, 
the  finest  pericellular  networks  cannot  be  brought  out  in  any  but 
perfect  preparations.  It  has  advantages  over  the  Bielschowsky  frozen 
section  method  in  that  larger  .sections  are  used,  even  the  whole  cross 
-cction  of  the  pons;  the  tissues  are  cut  thinner,  and  the  relations  are 
maintained.  The  neurofibrillae  are  well  shown  when  not  altered  by 
disease.  Another  advantage  is  that  twin  preparations  can  be  made  with 
consecutive  sections,  the  one  .showing  the  cell  processes  and  neurofibrilae 
outlined  in  silver,  and  the  other  showing  the  identic.il  cells  stained  by 
.Xissl's  method  to  show  the  tigroid  l)odies. 

•From  the  Lalxiratory  of  Xeuropatho1<Ky.  Philadelphia  General   Hospital 
1.  Warthin,  A.   S..   and   Starry,   A.  C. :    Second   Improved    Method    for   the 

Demonstration    nf    Spirnchaot.T    P.illida    in    flie   Tis<tif<.    I.    A.    M.    A.    7<:2.U 

(  Ian.  22)    1021. 


Fig.   1. — Precentral   cortex   showing   Betz   cell   stained   for   nerve   fibers   by 
silver  agar  coverslip  method. 


Fig.   2. — Purkinje   cell    showing  basket   fibers. 


Fig.  3. — Multiple  sclerosis;   longitudinal   section   of  sclerotic   patch   stained 
for  axis  cylinders. 
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Fig.  4.— Cerebellum ;  silver  diffusion  preparation  to  show  nerve  cells  and 
processes. 


TECHNIC 

1.  Formaldehy.  of  alcohol  fixation.  (Alcohol  fixation  permits  toluidin  blue 
to  be  used  for  cell  stain  with  brilliant  results.) 

2.  Paraffin  embedding.  Cut  sections  from  5  to  8  microns.  These  are 
attached  to  coverslips  which  have  previously  been  coated  with  albumin  fixa- 
tive and  dried  in  the  oven  over  night.  They  are  then  blotted  and  placed  in 
the  paraffin  oven  for  from  fifteen  to  thirty  minutes. 

3.  The  paraffin  is  then  removed  by  xylol  and  the  coverslip  carried  through 
graded  alcohols  to  water. 

4.  The  coverslip  is  placed,  section  side  up.  in  a  staining  dish  the  bottom  of 
which  is  covered  by  a  5  mm.  layer  of  melted  10  per  cent,  gelatin,  freshly  made. 
The  gelatin  is  allowed  to  harden  and  10  c.c.  of  2  per  cent,  silver  nitrate  is 
poured  on  the  surface.  This  is  kept  in  the  dark  for  twenty-four  hours  or 
more.  The  depth  of  the  gelatin  may  be  increased  in  order  to  obtain  detail,  a 
longer  time  being  given   for  diflfusion. 

5.  The  gelatin  is  removed  by  holding  the  dish,  bottom  up.  under  a  hot 
water  tap  until  the  gelatin  falls  away. 

6.  The  coverslip  is  plunged  without  washing  into  the  developer  and  kept 
moving  until  the  section  is  deep  brown. 

7.  It  is  then  washed  in  water,  fixed  in  5  per  cent,  sodium  hyposulphite  solu- 
tion, washed  again,  carried  through  graded  alcohols  to  xylol  and  mounted  in 
balsam. 

The  developer  is  made  as  follows  : 

Glycerin  | 

Gelatin    (10  per  cent.)  [warm,  of  each 5.0  c.c. 

Agar   agar    (1.5   per  cent.)  j 

Silver  nitrate  (2  per  cent. ) 3.0  c.c. 

Hydroquinone   (5  per  cent.) 0.7  c.c. 

The  glycerin,  gelatin  and  agar  agar  are  added  in  turn  to  the  silver  nitrate,  and 
then  the  pyrogallol   stirred   in   rapidly.     The  section  is   immediately  immersed. 

All  solutions  should  be  fresh  and  should  be  made  with  distilled  water. 
Metal   forceps   should   be  coated   with   paraffin   when   used   in  the  developer. 
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AN  ANATOMIC  STUDY  OF  THE  FAISCEAU  DE  TURCK 
IN  RELATION  TO  THE  TEMPORAL  LOBE* 

JOHN    H.    W.    RHEIN.    M.D. 
Professor  of  Neurology,  Graduate  School  of  Medicine,  University  of  Penn- 
sylvania; Visiting  Ncuropsychiatrist  to  the   Ncuropsychiatric  Ward 
of  the  Philadelphia  General  Hospital 

PHILADELPHIA 

An  opportunity  for  further  study  of  the  anatomic  relations  of  the 
faisceau  de  Tiirck  was  afTorded  in  a  patient  who  was  admitted  to  the 
neuropsychiatric  wards  of  the  Philadelphia  General  Hospital  in  my 
service  on  Nov.  30,  1920,  and  who  died  on  Dec.  10,  1920.  The  clinical 
symptoms  began  six  months  before  the  fatal  termination,  but  having 
no  bearing  on  the  anatomic  study,  will  be  omitted. 

At  necropsy  examination,  a  tumor  (Fig.  1)  measuring  5  cm. 
anterio-posteriorly  and  4  cm.  transversely  was  found  occupying  the 
posterior  two  thirds  of  the  first  and  second  temjwral  convolutions.  It 
was  adherent  to  the  dura,  and  a  cross  section  showed  marked  vascularity. 
Posteriorly  the  tumor  (Fig.  2)  did  not  extend  quite  to  the  anterior 
occipital  fissure.  Macroscopically,  in  its  posterior  aspects,  the  tumor 
was  rather  sharply  defined,  but  there  was  evidently  some  invasion  of 
the  adjoining  cortex  and  white  matter,  that  is,  of  the  gyrus  between 
the  tumor  and  the  anterior  occipital  fissure,  to  the  extent  of  about  2.5 
cm.  Anteriorly,  the  tumor  was  less  clearly  defined  except  in  its  outer 
portion,  where  for  a  short  distance  beneath  the  cortex  it  was  rather 
.sharply  outlined. 

Dipping  inward,  anterior  to  the  tumor,  was  a  fissure  which  was 
believed  -to  be  the  deep  temporal  fissure,  anterior  to  which  was  what 
was  regarded  as  the  deep  temporal  convolution.  This  convolution 
macroscopically  showed  distinct  implication  by  the  tumor  process.  Tlie 
tumor  extended  laterally  into  the  brain  tissue  as  far  as  the  inferior 
longitudinal  fasciculus  and  the  optic  radiations  but  did  not  appear  to 
involve  these  bundles.  Microscopically  the  tumor  proved  to  be  a 
glioma  (Fig.  3). 

The  brain  was  cut  in  serial  sections  on  both  sides  from  the  superior 
level  of  the  tumor  as  far  down  as  the  pons.    The  tumor  itself,  with  the 


*  From  the  Neuropsychiatric  Department  of  the  Philadelphia  General  Hos- 
pital and  the  NeuropatholoRical  Laboratory  of  the  Philadelphia  General 
Hospital. 

♦Read  at  the  Forty-Eiffhth  Annual  Meeting  of  the  American  Neurological 
Association.  Washington,  D.  C,  May,  1922. 


Fig.  1.— Tumor  showing  its  relation  to  the  posterior  two  thirds  of  the  first 
and  second  temporal  gyri. 
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Fig.  2.— Cross-section  of  the  brain  showing  the  extent  of  the  tumor. 


adjacent  brain  tissue,  was  also  cut  at  various  levels  in  order  to  study 
its  relation  to  the  adjoining  cortex  and  other  brain  structures.  These 
sections  were  stained  by  the  Weigert  methods  and  by  hematoxylin 
and  eosin. 

The  cortex  at  the  site  of  the  tumor  was  completely  destroyed,  and 
nowhere  in  this  region  could  any  cortical  tissue  or  white  matter  be 
discovered.  The  cortical  and  subcortical  layers  anterior  to  the  tumor, 
namely,  the  deep  temporal  gyrus  which  dips  normally  down  almo.st  to 
the  external  capsule,  the  inferior  longitudinal  fasciculus  and  the  optic 
radiations  were  differenliated  as  to  gray  and  white  matter,  but  in  the 
tissue  just  adjoining  the  tumor  there  was  pronounced  cellular  infiltra- 
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Fig.  3.— Microsciipic    aeitiou  of  the   tumor. 

tion  with  cells  having  the  same  characteristics  as  those  found  in  the 
tumor. 

Posterior  to  the  tumor  and  between  this  and  the  anterior  occipital 
fissure  of  Wernicke  a  similar  condition  could  be  observed,  namely, 
differentiation  of  the  cortical  and  white  m.itter  and  implication  of  these 
by  the  cellular  infiltration. 

It  was  possible  to  conclude  from  this  study  that  the  cortex  and 
white  matter  of  the  superior  and  middle  temporal  g\ri  were  totally 
destroyed  by  the  tumor,  and  the  brain  tissue  anterior  and  posterior  to 
these  regions  to  the  extent  of  about  2.5  cm.  was  implicated  by  a 
cellular  infiltration  consisting  of  cells  similar  to  those  found  in  the 
tumor  proper. 


A  study  of  the  serial  sections  of  the  brain  internal  to  the  tumor 
and  the  corresponding  levels  on  the  opposite  side  failed  to  reveal  any 
evidence  of  degeneration  on  either  side.  The  faisceau  de  Tiirck,  at  the 
point  where  it  appears  in  the  retrolenticular  region,  was  intact.  The 
foot  of  the  peduncle  stained  uniformly  and  showed  an  undegenerated 
faisceau  de  Turck  in  this  region  (Fig.  4). 

The  duration  of  the  tumor,  which  showed  its  first  clinical  mani- 
festations six  months  prior  to  death,  justifies  the  assumption  that  the 
degeneration  should  have  had  time  to  appear  in  the  faisceau  de  Tiirck, 
where  it  appears  in  the  retrolenticular  region  if  not  in  the  foot  of  the 
peduncle,  if  its  cortical  origin  had  been  destroyed. 

In  1912,  I '  read  before  the  American  Neurological  Association  a 
paper  on  a  study  of  the   faisceau  de  Tiirck ;   and   I   stated  that  the 


Fig.  4. — Absence  of  degeneration  of  the  faisceau  de  Tiirck. 

anatomic  relations  of  the  faisceau  de  Turck  were  still  a  matter  of  dis- 
pute. The  origin  of  this  tract,  according  to  Dejerine,  was  the  middle 
portion  of  the  temporal  lobe,  more  especially  the  cortex  of  the  second 
and  third  temporal  lobes,  which  Kann  and  Brodman  believed  could  be 
confirmed  from  their  studies.  The  studies  of  Kattwinkle  and  Neu- 
mayer  placed  its  origin  in  the  third,  second  and  first  temporal  con- 
volutions. Flechsig  and  Van  Gehuchten  did  not  agree  with  this  view. 
Von  Bechterew,  Flechsig  and  Meynert  and  others  placed  its  origin  in 
both  the  temporal  and  occipital  lobes ;  Brero,  in  the  parietal  lobe ;  while 
von  Monakow  and  others  asserted  that  its  origin  was  in  the  parietal  and 
temporal  lobes,  von  Monakow  believing  that  some  of  the  fibers  came 
from  the  occipital  lobe.     Marie  and  Guillain,  from  a  study  of  nineteen 


1.  Rhein,  John  H.  W.:    J.  Nerv.  &  Ment.  Dis.  38:   No.  9  (Sept.)   1911. 


cases,  believed  that  these  fibers  came  from  the  third  temporal  con- 
volution. The  case  of  Mills  and  Spiller,  in  which  the  anterior  part  of 
the  second  temjxjral  gyrus  and  a  portion  of  its  upper  middle  segment 
were  degenerated  without  showing  any  involvement  of  the  faisceau  de 
Tiirck;  the  case  of  Lowenstein,  in  which  the  anterior  half  of  the  second 
temporal  and  the  anterior  two  thirds  of  the  temixiral  were  implicated 
with  an  intact  faisceau  de  Tiirck ;  and  a  case  previously  reported  by 
myself  in  which  there  was  atrophy  of  the  middle  portion  of  the  sscond 
and  third  temiwral  and  part  of  the  first  temporal  convolutions  without 
degeneration  of  this  tract,  led  me  to  the  conclusion  at  that  time  that  it 
could  originate  only  in  the  posterior  part  of  the  temixiral  gyrus,  if  at 
all  in  the  temporal  lobes.  The  case  reported  in  this  pajjer  would  indicate 
that  the  faisceau  de  Tiirck  does  not  spring  from  the  ix)sterior  two 
thirds  of  the  superior  and  middle  temjxjral  gyri  or  the  adjacent  cortex. 

A  study  of  the  literature  cited  demonstrates  that  the  most  reliable 
authorities  exclude  every  portion  of  the  cortex  of  the  temporal  con- 
volutions except  the  posterior  jiart  of  the  inferior  temporal  gyrus  as  the 
origin  of  this  fasciculus.  From  this,  it  may  be  concluded  that  the 
faisceau  de  Tiirck  does  not  ari.se  from  any  other  portion  of  the  temporal 
lobe  since  every  other  locality  may  be  excluded  as  a  possible  origin. 
I  know  of  no  case  in  literature  in  which  a  lesion  purely  of  the  posterior 
portion  of  the  inferior  temporal  gyrus  has  occurred  and  in  which 
studies  of  the  pathology  have  been  made  with  a  view  to  connecting  the 
faisceau  de  Tiirck  with  this  region. 

The  studies  of  nineteen  cases  by  Marie  and  Guillain  showed  that  the 
region  most  frequently  giving  rise  to  this  degeneration  is  that  portion 
just  behind  the  posterior  segment  of  the  internal  capsule  in  the  white 
substance  situated  between  the  temporal  convolutions  and  the  external 
wall  of  the  occipital  horn  of  the  lateral  ventricle,  where,  they  state,  the 
fibers  from  the  third  temjwral  convolution  pass.  In  the  second  case 
whrch  I  reported  in  1912,  the  findings  corresponded  to  those  of  Marie 
and  Guillain.  In  this  case,  the  lesion  implicated  the  white  matter  of  the 
posterior  portion  of  the  posterior  segment  of  the  external  capsule  as  well 
as  that  of  the  posterior  portion  of  the  temporal  lobe  and  the  wall  of  the 
descending  horn  of  the  lateral  ventricle,  and  the  faisceau  de  Turck  was 
almost  completely  degenerated.  There  was  a  cutting  off  of  the  fibers 
from  the  third  temporal  convolution  as  well  as  of  those  from  the 
occipital  lobe  in  part. 

I  think  it  may  l)e  concIu(le<l  that  if  the  temporal  lobe  is  the  origin 
of  fibers  which  degenerate  in  a  descending  direction,  consisting  of  the 
faisceau  de  Tiirck,  they  may  come  from  the  posterior  third  of  the 
third  temporal  convolution. 

I  wish  to  express  my  appreciation  of  the  as.sistance  of  Dr.  N.  \V.  VVinkleman 
in  the  study  and  preparation  of  the  sections. 

1732  Pine  Street. 
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TUBEROUS     SCLEROSIS  * 
WALTER    FREEMAN.    M.D. 

PHILADELPHIA 

Tuberous  sclerosis  is  a  relatively  rare  developmental  anomaly  of  the 
brain  and  other  organs,  ciiaracterized  clinically  by  idiocy  and  epilepsy, 
and  pathologically  by  multiple  sclerotic  nodes  over  the  surface  of  the 
brain,  multiple  sube|>endymal  tumors,  and  multiple  tumors  of  the 
heart,  kidneys,  skin  and  other  organs. 

Though  the  disease  was  described  by  several  authors  before  190(), 
von  Recklinghausen  reporting  a  case  as  far  back  as  1862,  the  minute 
histologic  alterations  and  their  significance  were  appreciated  first  in 
1912  when  Bundschuh "  and  Bielschowsky  -  indei)endently  gave  us 
very  complete  and  exact  studies  foundetl  on  the  embryological  concepts 
laid  down  by  Ranke.'  But  little  has  appeared  in  English  or  American 
literature  on  the  subject,  although  Campbell  *  described  it  in  his  work  on 
cerebral  sclerosis,  and  Sailer'  collected  twenty-eight  cases  in  1898. 
One  American  writer  recently  described  a  ca.se  as  juvenile  multiple 
sclerosis.  It  is  important  that  these  cases  be  recognized,  for  in  addition 
to  the  epileptic  seizures,  these  patients  often  present  focal  symptoms 
that  may  call  for  ojieration.  It  is  the  consensus  of  opinion,  however, 
that  operation  has  no  favorable  influence  on  their  subsequent  course." 

Because  of  the  association  of  tumors  of  other  organs  with  the  focal 
sclerosis  of  the  cortex,  ca.ses  of  tuberous  sclerosis  are  recorded  under 
many  titles,  and  a  comprehensive  review  of  the  literature  is  therefore 
difficult.  Titular  reference  is  in  some  instances  to  the  cardiac  tumors, 
as  in  von  Recklinghausen's  case ;  in  others  to  the  renal  tumors ;  while 
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still  others,  in  which  the  cutaneous  tumors  were  prominent,  are  found 
under  the  name  of  adenoma  sebaceum.  On  an  estimate,  about  100  cases 
have  been  reported. 

ETIOLOGY 

Degeneracy  in  the  parents  is  an  etiologic  factor.  The  disease  is 
congenital,  but  neither  familial  nor  hereditary.  Apparently  it  begins 
between  the  fourth  and  seventh  fetal  month.  Ranke  and  Bundschuh 
have  pointed  out  that  the  primary  and  secondary  fissures  which  are 
completed  about  the  fourth  month  are  not  distorted  by  the  sclerotic 
patches,  while  the  tertiary  convolutions  which  develop  later  are  involved. 
Bundschuh  further  called  attention  to  the  persistence  of  an  externa! 
granule  layer  over  the  sclerotic  areas  which  disappears  in  normal 
development  about  the  seventh  fetal  month,  and  which  is  never  present 
at  birth. 

CLINICAL     COURSE 

The  disease  is  characterized  clinically  by  idiocy  and  epilepsy.  Con- 
vulsions usually  are  the  first  manifest  symptom.  In  Hartdegen's  case 
the  attacks  began  a  few  hours  after  birth  and  continued  until  the 
end,  two  days  later.  Briickner's  patient,  on  the  other  hand,  was  9 
years  old  when  the  first  convulsion  occurred.  When  once  initiated 
the  convulsions  usually  continue,  although  they  may  decrease  in  fre- 
quency or  even  cease.  The  first  attacks  are  usually  mild,  without  loss 
of  consciousness,  and  they  may  aflfeot  only  isolated  groups  of  muscles. 
During  a  period  of  years,  however,  they  become  gradually  more  severe 
and  may  even  be  the  direct  cause  of  death.  The  attacks  are  quite 
evenly  spaced,  are  not  so  frequent  as  genuine  epileptic  attacks,  nor  so 
paroxysmal  as  those  of  the  atrophic  scleroses.  At  times  equivalents 
of  attacks  are  noted,  fainting  spells,  maniacal  attacks  and  so-called 
psychic  epilepsy. 

In  cases  in  which  the  chief  clinical  expression  is  idiocy,  development 
may  be  comparatively  normal  for  several  years.  Usually  the  children 
are  slow  to  walk  or  talk,  but  sometimes  they  are  active  and  intelligent 
and  may  even  attend  school  for  a  number  of  years.  More  characteristic 
than  the  cessation  of  development,  however,  is  the  retrograde  process 
which  follows  it.  The  child  ceases  to  take  interest  in  playthings,  prefers 
to  sit  still,  loses  the  power  of  attention,  becomes  indifferent  to  every- 
thing which  had  previously  attracted  it,  becomes  untidy  and  often 
masturbates  excessively. 

Focal  signs,  such  as  localized  pareses  and  contractures,  muscular 
spasms  and  speech  defects,  are  frequently  present.  Bielschowsky  has 
reported  a  case  in  which  movements  on  one  side  of  the  body  were 
much  retarded,  with  rigidity  and  tremor  limited  to  that  side.  He  records 
an  area  of  sclerosis  in  the  opposite  basal  ganglion. 


Although  status  epilepticus  is  sometimes  the  direct  cause  of  death, 
tiie  patients  usually  die  of  intercurrent  infection,  esj)ecially  of  tul)ercu- 
losis,  or  of  gastro-intestinal  disturbances.  Occasionally  the  renal  tumors, 
becoming  excessively  large,  cause  death.  Patients  with  cardiac  tumors 
usually  die  voung. 

DIAGNOSIS 

Often  the  diagnosis  cannot  be  made  during  life.  When  epilepsy 
and  idiocy  appear  in  a  child,  especially  when  they  are  progressive 
and  when  localizing  signs  appear,  tuberous  sclerosis  should  be  consid- 
ered. These  signs  are  uncertain,  however,  and  only  when  tumors  of 
the  skin  are  present  is  the  diagnosis  justifiable.  In  the  Pringle '  type 
these  tumors  grow  on  the  face,  are  small,  firm  papillary  growths, 
pale  to  dark  red,  vary  in  size  up  to  1  cm.,  and  have  a  "butterfly" 
distribution  over  the  nose  and  cheeks.  The  Barlow  type  is  characterized 
by  larger  nodes,  sometimes  2  cm.  in  diameter,  usually  found  on  the 
trunk.  They  are  adenomas  of  the  sebaceous  glands.  Sometimes  there 
are  abnormalities  in  the  growth  of  the  hair.  The  cutaneous  lesions 
often  appear  first  at  adolescence,  giving  no  assistance  in  diagnosis 
during  the  early  years  of  life. 

Rarer  malformations  occasionally  found  are  tumors  of  the  duo- 
denum, spleen  and  liver ;  imperfections  of  the  heart,  such  as  patent 
ductus  arteriosus,  cardia  trilocularis,  origin  of  the  aorta  from  both 
ventricles ;  ectopia  testis,  etc. 

REPORT     OF     A     CASE 

History. — M.  D.,  Philadelphia  General  Hospital,  service  of  Dr.  Weisenburg, 
aged  6  years.  The  father  was  29  years  of  age.  the  mother  24  at  the  time  of 
conception.  Both  were  mentally  healthy  and  of  good  inheritance,  but  the  father 
was  tuberculous  and  died  two  months  before  the  child  was  torn.  Rirth  was 
natural  and  at  full  term;  the  patient  was  a  well  developed  female  child.  She 
was  breast  fed  until  9  months  of  age.  At  seven  or  eight  weeks  of  age  she 
began  to  have  tonic  convulsions  lasting  alx>ut  two  minutes  followed  by  stupor 
of  several  minutes'  duration.  The  convulsions  increased  in  frequency  for  six 
months,  then  decreased  and  ceased  at  the  age  of  5  years.  During  the  eleven 
months  she  was  in  the  hospital  no  convulsions  were  recorded. 

Although  well  formed,  the  child  was  backward,  could  not  sit  up  until  she  was 
2  years  old.  never  learned  to  walk,  talk  or  feed  herself:  she  did  not  play  with 
toys  until  she  was  4.  Her  chief  occupation  was  tearing  up  her  clothing  and 
putting  the  pieces  in  her  mouth.  She  masturbated  constantly.  She  could  see 
and  hear,  but  apparently  recognized  nobody,  not  even  her  mother.  She  would 
stop  tearing  her  clothes  when  spoken  to.  but  almost  immediately  resume  it. 
She  was  large  for  her  age.  The  head  was  slightly  enlarged:  the  skin  was 
without  blemish ;  muscular  power  and  coordination  were  good.  Patellar  reflexes 
were  exaggerated.  Urine,  blood  count  and  spinal  fluid  were  normal.  The 
Wassermann  test  on  the  blood  and  spinal  fluid  was  negative. 


7.  Pringle :    A  Case  of  Congenital  Adenoma  Sebaceum,  Brit.  J.  Dermat. 
1:64.  1891. 


Before  being  brought  to  the  hospital,  and  during  her  stay  there  she  had 
occasional  attacks  of  vomiting  immediately  after  taking  food,  although  her 
appetite  was  excellent.  She  became  emaciated,  and  finally  died  of  inanition 
Jan  21,  1921.    She  was  then  6  years  old. 

Clinical  Diagnosis:    Imbecility,  hydrocephalus,  enteritis. 

Necropsy  Record  (Dr.  Morton  McCutcheon). — The  body  was  that  of  a  white 
girl  6  years  of  age,  weighing  40  pounds  (18.14  kg.).  Bony  development  was  nor- 
mal; there  was  marked  emaciation;  rigor  and  livor  were  present.  The  skull 
was  slightly  enlarged  and  normal  in  shape;  the  pupils  were  equal  and  regular, 
the  sclerae  clear.  The  thorax  was  symmetrical,  the  abdomen  retracted. 
Extremities,  external  genitalia  and  hair  distribution  were  normal. 

The  thoracic  organs  were  normal.  The  spleen  weighed  40  gm.,  and  was 
normal,  as  were  the  stomach  and  intestines.  The  liver  weighed  540  gm.  and  was 
of  normal  size  and  consistence.  The  lower  border  was  rounded.  The  cut 
surface  showed  a  number  of  yellowish  white  lobules,  the  other  lobules  being 
brown.    The  discolored  areas  did  not  bulge.    The  pancreas  was  normal. 

The  left  kidney  weighed  60  gm.,  and  was  of  normal  size  and  consistence. 
The  capsule  stripped  readily  leaving  a  smooth  pinkish  gray  surface.  Striations 
were  normal.  Several  pale  yellow  nodules  were  present  in  the  cortical  substance, 
the  largest  being  4  mm.  in  diameter.  Some  of  them  bulged  distinctly  on  section 
although  they  could  not  be  lifted  out,  and  one  bulged  through  the  capsule.  The 
consistence  of  these  structures  was  that  of  normal  renal  substance.  The  right 
kidney  weighed  50  gm.  and  resembled  its  fellow.  The  suprarenals,  aorta, 
ureters,  bladder  and  internal  genitalia  were  normal. 

The  brain  was  distinctly  enlarged;  it  weighed  1,120  gm.  The  calvarium 
and  dura  were  normal.  The  pia  was  slightly  opaque  in  places  but  not  markedly 
thickened;  it  was  nowhere  adherent  to  the  cortex.  The  frontal  poles  of  the 
brain  were  smaller  than  usual  and  unnaturally  white.  They  felt  as  hard  as 
the  normal  brain  after  fixation  in  liquor  formaldehydi.  In  the  temporal,  parietal 
and  occipital  lobes  there  were  similar  hard  areas  in  which  the  convolutions 
were  larger  than  normal,  projected  a1x)ve  the  general  contour,  were  flattened 
or  even  umbilicate  on  the  surface  and  unnaturally  pale.  These  areas  were  fairly 
sharply  circumscribed,  irregular  in  outline  and  bounded  almost  everywhere  by 
tertiary  fissures.  The  overlying  pia  was  lightly  attached.  Except  for  a  small 
area  in  the  right  paracentral  lobule,  the  central  convolutions  had  escaped. 
Hippocampus,  cerebellum,  brain  stem  and  cervical  cord  were  normal. 

After  fixation  in  10  per  cent,  liquor  formaldehydi,  the  usual  section  was 
made  through  the  basal  ganglions  (Fig.  1).  The  hypertrophic  convolutions 
were  broader  at  the  surface  than  at  the  base  and  compressed  the  normal 
gyri  which  lay  between  them  (Fig.  2).  The  cortex  of  the  sclerotic  area 
varied  considerably  in  thickness;  it  was  distinguished  from  the  underlying 
white  matter,  not  so  much  by  color  as  by  difference  in  texture,  the  cortex 
being  densely  hard  and  the  white  matter  porous.  In  the  fissures  the  tissue  was 
softer  than  on  the  convexity.  In  the  white  matter  beneath  some  of  the  sclerotic 
gyri  were  minute  areas  resembling  the  overlying  cortex.  Microscopic  examina- 
tion proved  these  to  be  heterotopias  of  gray  matter. 

In  the  right  frontal  pole,  where  the  area  of  sclerosis  was  most  extensive, 
there  was  a  multilocular  cyst  measuring  about  1  cm.  in  diameter,  without  soften- 
ing, pigmentation  or  obvious  degeneration  in  the  neighborhood. 

The  posterior  horn  of  the  left  lateral  ventricle  measured  32  mm.  across.  Its 
external  surface  underlay  a  large  sclerotic  area  in  the  temporal  lobe.  The 
cerebral  tissue  was  here  reduced  to  11  mm.     At  the  point  chosen  for  study  the 


Fig.  1.— Horizontal  section  of  brain :  a.  sclerotic  areas  of  pale  color  and  dense 
consistency  with  depression  of  underlying  white  matter;  b,  multilooular  cyst  in 
right  frontal  pole  formed  by  dilatation  of  perivascular  lymphatic  spaces;  c.  tumor 
at  head  of  caudate  nucleus  pressing  into  foramen  of  Munro;  d,  dilated  posterior 
horn  of  lateral  ventricle;  note  the  area  of  microgyria  in  left  occipital  lobe. 


cortex  was  narrow,  white  and  hard,  and  the  white  matter  was  soft  and  porous 
except  where  the  fibers  of  the  optic  radiation  ran,  skirting  the  horn  of  the 
ventricle.    This  tract  was  narrow,  but  apparently  in  good  condition. 

In  the  right  parietal  lol)e  over  an  area  3  by  4  cm.  there  were  numerous 
abnormally  small  and  branched  convolutions,  in  which  scarcely  any  white 
matter  could  be  seen  underlying  the  narrow  cortex.  The  area  was  not 
depressed  Ijelow  the  general  level  as  is  usual  in  microgyria.  While  these 
convolutions  were  of  normal  consistence  and  relatively  normal  architecture, 
there  was  a  sharply  defined  area  of  sclerosis  immediately  adjacent.  A  similar 
area  appeared  in  the  left  occipital  pole. 


Fig.  2. — Hypertrophic  convolution,  broadened  and  umbilicate  at  surface,  due 
to  neuroglial  overgrowth.  The  gliosis  diminishes  at  the  bottom  of  the  fissure. 
Phosphotungstic  acid-hematin  stain ;  a,  patch  of  beginning  sclerosis. 


At  the  head  of  the  caudate  nucleus  on  the  right  there  was  a  tumor  measuring 
18  by  10  ram.  pressing  down  into  the  foramen  of  Monro  (Fig.  1).  The  turhor 
sprang  superficially  from  the  caudate  nucleus,  was  of  soft  consistence,  rather 
friable  and  darker  than  the  surrounding  tissue.  It  was  circumscribed  though 
not  encapsulated.  Its  surface  in  the  ventricle  was  fungoid  and  irregular,  but 
at  the  sides  it  was  smoother  and  apparently  covered  by  ependyma.  It  did  not 
invade  the  nervous  tissue.  At  other  points  on  the  surface  of  the  caudate 
nucleus  on  both  sides  there  were  smaller  tumors  varying  from -2  to  6  mm.  in 
diameter.  In  the  third  ventricle  there  were  tumors  up  to  5  mm.  in  diameter, 
especially  along  the  striae  terminales.  These  smaller  tumors  occurred  singly 
and  in  groups,  and  between  the  larger  ones  the  ependyma  was  raised  into  cords. 


Where  a  single  tumor  rose  the  epcndyma  was  arranged  in  radial  cords, 
resembling  buttresses.  The  smaller  tumors  were  much  harder  than  the  sur- 
rounding tissue  and  grated  on  the  knife  on  sectioning.  Between  the  tumor 
and  the  normal  basal  ganglion  there  was  a  layer  of  pale,  firm  tissue  encap- 
sulating the  growth.  In  the  vicinity  of  the  tumors  granular  ependymitis  was 
visible   (Fig.  3).     The  fourth  ventricle  contained  no  tumors. 

Gross  Findings. — The  gross  findings  corresponded  closely  to  the  descriptions 
given  by  Pelizzi,  Vogt  and  Bielschowsky.  They  descril)e  two  varieties  of  tubera: 
the  hypertrophic  convolution  and  the  sharply  circumscribed  node  which  has  no 
definite  cortical  characteristics.  These  exist  in  varying  proportions  in  different 
cases,  but  usually  both  are  present.  I  could  find  none  of  the  circumscribed  nodes. 
Broadening  of  the  convexity  of  the  convolution  and  dimpling  in  the  center 
were  described  by  older  authors,  but  Pelizzi  was  the  first  to  show  that  the 
sclerotic  process  was  confined  to  the  external  surface  of  the  convolution  and 
seldom  or  never  reached  the  bottom  of  the  fissure,  even  where  two  densely 
sclerotic  gyri  lay  adjacent. 


Fig.   3. — Granular   ependymitis   in   vicinity  of   subependymal   tumors. 


The  cyst  of  the  frontal  pole  was  unusual.  Bundschuh  found  symmetrical 
cysts  in  the  occipital  poles  in  his  case,  and  others  have  described  them. 
Localized  microgyria  was  described  by  Bielschowsky.  Ventricular  tumors  were 
encountered  as  frequently  as  the  cortical  scleroses  and  did  not  vary  much 
from  type.  They  were  usually  bard,  nearly  spherical,  lay  immediately  beneath 
the  cpendyma  and  varied  in  size  up  to  8  mm.  Their  usual  locations  were  the 
caudate  nucleus,  striae  terminates  and  thalamus,  occasionally  the  fourth  ven- 
tricle. On  account  of  the  persistent  and  uncontrollable  vomiting  without  evident 
local  cause,  the  fourth  ventricle  was  examined  with  particular  care  but  no  abnor- 
malities were  found.  The  tumor  at  the  head  of  the  caudate  nucleus  was 
exceptional  in  size  and  general  cliaractcristics.  Whether  the  hydrocephalus 
was  the  result  of  obstruction  of  the  foramen  of  Munro  by  this  tumor  is  not 
certain.  Hydrocephalus  is  present  in  a  minority  of  cases,  and  without  ktiown 
cause.    The  third  and  fourth  ventricles  were  not  dilated. 


MICROSCOPIC     EXAMINATION 

Ranke  •  as  a  working  hypothesis  to  explain  the  pathology  of  tuberous 
sclerosis  suggests  that  there  are  two  stages  of  differentiation  of  cells 
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of  the  central  nervous  system  from  germinal  cells  to  fully  developed 
ganglion  cells  and  neuroglia  cells.  First,  the  cells  develop  to  the  point 
of  differentiation  when  they  become  either  neuroblasts  or  spongioblasts, 
and  then  they  ripen  into  nerve  cells  and  glia  cells.  This  he  acknowledges 
is  purely  theoretical,  since  none  of  the  present  histologic  methods  differ- 
entiate future  neuroblasts  from  future  spongioblasts.  If  the  cells 
are  disturbed  at  the  time  of  differentiation,  a  great  variety  of  forms 
may  be  produced.  "Three  extremes  are  thinkable :  first,  that  the  distur- 
bance would  result  in  the  production  from  indifferent  elements  of  nerve 
cells  alone;  second,  of  glia  cells  alone;  and  third,  that  no  differentiation 
would  take  place.  The  first  two  possibilities  are  extreme  one-sided 
differentiation,  and  the  last,  extreme  lack  of  differentiation."  Ranke 
elaborates  the  theory  further  by  suggesting  that  harmful  influences 
acting  on  the  neuroblasts  and  spongioblasts  at  various  periods  of  their 
development  might  produce  further  anomalies,  and  also  that  various 
combinations  might  occur. 

The  so-called  "large  cells"  so  characteristic  of  tuberous  sclerosis 
are  believed  to  be  incompletely  differentiated  neuroblasts.  They  show 
the  following  anomalies  (Fig.  4)  : 

(a)  Position:  Some  lie  next  to  the  surface;  many  are  distributed 
through  the  cortex ;  some  lie  in  the  white  matter,  either  singly  or  in 
heterotopic  groups.    They  are  seldom  arranged  in  laminae. 

(b)  Size :  The  cells  equal  or  exceed  large  pyramidal  cells  in  size. 

(c)  Form:  Occasionally  a  cell  is  seen  that  would  be  termed  a 
ganglion  cell  were  it  not  for  its  size  or  location.  This  is  rare.  More 
often  the  cell  is  round  or  oval,  occasionally  spindle-shaped  or  snakelike. 

(d)  Processes:  There  may  be  no  processes  or  many  processes, 
and  they  vary  markedly  in  size.  The  large  round  cells  have  no  proc- 
esses as  a  rule,  but  some  of  them  have  scores  resembling  a  Medusa's 
head.  The  spindle  cells  have  two,  and  sometimes  they  dwarf  the  cell 
by  comparison,  extending  full  across  the  high  power  field,  dividing, 
and  wandering  through  the  layers  of  the  cortex  (Compare  Figs.  4,  5,  6). 

(e)  Nucleus:  Many  of  the  round  cells  have  no  nuclei.  When 
present  the  nucleus  is  eccentric.  Often  it  is  lobed  and  sometimes  two, 
three  or  more  nuclei  may  be  seen  in  a  single  cell.  Some  nuclei  are 
small,  but  usually  they  are  large ;  often  grotesquely  distorted ;  always 
pale  and  vesicular.  Nucleoli  are  usually  absent,  and  the  chromatin 
network  is  very  loose. 

(/)  Internal  Structure :  The  round  cells  have  neither  extranuclear 
granules  nor  neurofibrillae,  but  the  snakelike  cells  liave  fibrillae  in  their 
processes  although  seldom  in  the  cell  body.  Sometimes  suggestions  of 
tigroid  bodies  are  found  in  these  more  perfectly  formed  elements. 

Investigators  do  not  agree  that  these  "large  cells"  are  of  neuroblastic 
origin.     Several  authors,   especially   the  earlier  ones,   class  them  as 
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neuroglia  cells.  Bielschowsky  indicates  their  neuroblastic  origin  by 
pointing  out  gradations  from  normal  nerve  cells  to  round  undifferen- 
tiated ones  on  the  one  hand  and  snakelike  ones  on  the  other.  Their 
staining  reactions  and  the  presence  of  neurofibrillae  as  demonstrated  by 
Alzheimer  also  indicate  this  origin. 
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Fig.  5.  —  Low-power  view  of  sclerotic  cortex  showing  neuroglia  margin, 
external  granule  layer,  and  atypical  "large  cells."     Silver  diffusion  stain. 

While  these  cells  occurred  usually  in  sclerotic  areas,  they  were  found  also 
in  the  presumably  normal  cortex  nearby ;  and  they  were  more  numerous  in  the 
deeper  cortical  strata  and  in  the  white  matter  than  on  the  surface.  The  hetero- 
topias consisted  of  groups  of  "large  cells"  interspersed  with  a  few  glia  cells 
and  fibers,  and  more  or  less  perfectly  formed  nerve  cells   (Fig.  6). 

NEUROGLIA 
The  density  of  the  sclerotic  cortex  was  due  to  innumerable  glia  fibers  that 
intertwined  in  every  direction.    At  the  surface  the  fibers  were  sometimes  col- 
lected into  sheaves  and  bundles  and  stood  on  end  above  the  normal  margin 
(Fig.  5)  but  did  not  invade  the  pia.    They  were  everywhere  abundant,  forming 
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a  band  many  times  the  thickness  of  the  nonnal  "Randglia"  (KIk.  5).  At  the 
surface  of  otherwise  normal  cortex,  the  first  sign  of  sclerosis  was  thickening 
of  the  external  glia  margin  and  increase  of  glia  nuclei,  with  sometimes  a  few 
large  undifferentiated  cells  (Fig.  7). 

Of  more  interest  from  the  point  of  view  of  development  was  the  external 
granule  layer  present  in  the  most  densely  sclerotic  areas.  Beneath  the  broad 
surface  layer  of  neuroglia  lay  a  stratum  of  round  cells,  evidently  glial  in 
tKkture,  divided  from  thi-  deeper  lying  strata  of  nerve  cells  by  another  band  of 
neuroglia  fibers  (Fig.  5). 


Fig.  6. — Higher  power  view  of  one  ot  the  heterotopias.  Numerous  atypical 
small  nerve  cells,  some  large  grotesquely  differentiated  nerve  cells  and  mod- 
erate gliosis. 

Throughout  the  sclerotic  areas  there  was  a  dense  feltwork  of  glia  filwrs 
in  the  meshes  of  which  lay  numerous  small  nuclei.  Most  of  these  were  in  the 
resting  stage  but  many  were  fiber  formers.  Where  the  feltwork  was  dense,  it 
was  impossible  to  trace  the  individual  processes;  but  in  the  white  matter 
where  the  tissue  became  spongy,  the  glia  feltwork  was  much  l<x>ser,  and  here 
the  individual  cells  stood  out  with  greater  prominence  (Fig.  8).  They  were 
larger  than  normal  and  possessed  fairly  definite  cell  bodies.  The  fil>ers  were 
deeply  stained,  seemed  to  spring  from  the  periphery  of  the  cell,  were  heavy, 
and  at  a  short  distance  from  the  cell  divided  dichotomously  into  larger  and 
smaller  branches  which  then  curved  away  in  easy  paths  and  broke  up  into  the 
usual  glia  fibers. 

In  the  hypertrophic  convolutions  typical  nerve  cells  were  few,  small  and  not 
arranged  in  strata ;  their  apical  dendrites  pointed  in  various  directions,  and 
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Fig.    /. — Lnilii-.^l    .-,it;ii    ui    beginning    sclerosis.      hiLicasc    ui    niargiual    glia 
associated  with  a  few  large  undifferentiated  cells.     Neuroglia  stain. 


Fig.  8. — Neuroglia  cells  from  loose-meshed  white  matter ;  very  many  processes 
extending  from  all  points  of  cells;  giant  neuroglia  cells  from  junction  of  white 
and  gray  matter;  X  1,800. 


13 

they  contained  only  remnants  of  internal  structure.  Myelin  sheaths  were 
almost  entirely  lacking.  By  silver  impregnation,  however,  a  surprisingly  large 
number  of  nerve  fil)ers  was  demonstrated  even  in  the  most  densely  sclerotic 
areas  and  the  underlying  loose-meshed  white  matter.  Moreover,  there  seemed  to 
be  little  interference  with  the  projection  tracts,  for  the  spinal  cord  showed  no 
degenerative  changes,  and  such  tracts  as  the  optic  radiation  were  well 
preserved. 

Scarcity  of  myelin  sheaths  was  quite  as  characteristic  as  overgrowth  of 
neuroglia  in  the  hypertrophic  convolutions,  yet  in  one  area  studied,  ncr\'e 
fibers  appeared  to  l)C  surrounded  by  multiple  concentric  rings,  sometimes 
irregular  or  oval,  depending  on  the  angle  of  the  section.  These  stain  poorly 
for  myelin,  but  clearly  with  phosphotungstic  acid.  They  appear  to  be  hyper- 
plastic but  poorly  differentiated  myelin  sheaths. 


I'ig.  9. — Concretions  in  old  compact  tumor.  They  ap|>ear  to  originate  from 
blood  vessels. 

SUBEPENDYMAL     TUMORS 

All  the  tumors  in  this  case  except  the  large  soft  one  were  covered  by 
cpendyma.  They  arose  from  the  subependymal  glia  layer  and  projected  into 
the  ventricle.  The  process  of  tumor  formation  here  could  l>e  seen  by  exam- 
ining the  wall  of  the  ventricle.  The  subependymal  neuroglia  layer  liecame 
thicker,  the  cells  dcveloiied  pnKesses,  and  a  few  large  undifferentiated  cells 
appeared,  thus  paralleling  the  picture  seen  in  the  cortical  scleroses.  At  first 
the  tumor  was  covered  with  ei)endymal  cells,  but  as  growth  proceeded  this  layer 
became  much  flattened  and  rupture  might  have  occurred  so  that  the  ependymal 
covering  was  lost.  The  tumors  which  had  broken  through  the  ependyma  were 
more  va.scular  and  apparently  of  more  rapid  growth. 

The  early  tumor  is  merely  a  collection  of  large  cells  with  neuroglia  fibers 
running  between  cells  and  surrounding  it.     In  the  larger  tumors  the  cells  arc 
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more  numerous  and  the  glia  fibers  are  proportionately  diminished.  They 
separate  it  into  cell  groups  by  trabeculae,  and  wall  it  off  from  the  underlying 
ganglion.  Many  vessels  in  these  moderate  sized  tumors  are  infiltrated  with 
calcium  salts  (Fig.  9).  There  is  granular  ependymitis  in  the  vicinity  of  the 
tumors  (Fig.  3).  Whether  the  cells  of  these  subependymal  tumors  are  of 
nervous  or  supporting  origin  is  contested,  some  authors  considering  them  as 
large  cell  gliomas,  others  as  ganglioneuromas,  and  still  others  as  neuro- 
blastomas.    The  majority  ally  them  with  the  gliomas. 

The  typical  cells  of  these  tumors  are  fusiform  or  retort-shaped,  vary  in 
size  up  to  that  of  the  largest  of  the  Betz  cells,  have  no  tigroid  bodies  or 
neurofibrillae,  and  send  processes  away  from  one  or  both  ends.     Some  of  the 


Fig.   10. — Lx)w-power  view   of   multilocular  cyst. 


cells  are  almost  round  and  have  no  processes.  The  nuclei  are  usually  large, 
with  definite  nuclear  membrane,  delicate  chromatin  network,  and  only  occa- 
sional nucleoli.  Sometimes  the  nuclei  are  grotesque  in  size  or  shape,  or  two 
or  more  nuclei  are  found  in  the  same  cell.  Mitotic  figures  are  absent.  Many 
of  the  larger  cells  have  vacuoles  but  otherwise  do  not  seem  to  be  degenerated. 

The  fibers  sent  off  by  the  large  cells  run  in  bundles  and  separate  the  cells 
from  one  another  into  groups.  Among  these  fibers  lie  cells  of  a  different 
character,  usually  much  elongated,  with  large  distorted  nuclei  and  processes 
following  the  cell  outline.  These  take  the  glia  stain  typically  whereas  the 
large  cells  stain  like  ganglion  cells. 

The  large  tumor  in  this  case  varied  in  microscopic  as  well  as  gross  char- 
acteristics from  the  others.     The  cells  were  not  divided  into  groups,  and  glia 
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celts  and  fibers  were  almost  absent.  The  cells  were  polygonal  or  spherical 
and  had  no  processes.  They  stained  more  heavily  than  those  of  the  smaller 
tumors,  were  smaller  in  size,  and  twin  cells  and  multinucleated  cells  were 
more  frequent.  The  extreme  edge  of  the  tumor  was  serrated  with  cell  columns 
projecting  into  the  ventricular  lumen.  There  was  a  rich  supply  of  vessels  of 
large  caliber  and  thin  walls.  In  many  rcsiH-rts  the  tumor  resembled  a 
malignant  growth. 

ItUKJD     VESSELS     AND     CYST 

Many  of  the  pial  vessels  were  thickened  by  overgrowth  of  the  middle  coat, 
and  the  elastic  lamina  was  split  into  two  or  more  layers.  There  was  no  peri- 
vascular round  cell  infiltration  or  other  sign  of  inflammation. 

In  the  cortex  of  the  sclerotic  areas  the  l)lood  vessels  were  less  numerous 
than  usual  and  many  were  abnormally  thick-wallcd.  The  perivascular  spaces 
were  increased.  In  the  white  matter  this  increase  l>ecame  striking  and  was 
of  two  forms.  In  the  first  the  adventitia  was  increased,  filling  up  the  space 
and  giving  the  vessel  the  appearance  of  an  enormously  thickened  wall,  although 
the  tissue  was  loose-meshed  and  nuclei  were  infre<iucnt.  In  the  other  form  there 
was  further  dilatation  of  the  space  to  enormous  proportions,  without  correspond- 
ing increase  of  adventitia,  thus  forming  cavities  (Fig.  10).  This  was  probably 
the  origin  of  the  multilocular  cyst  of  the  frontal  pole.  Beneath  a  densely 
sclerotic  cortex  appeared  large  spaces,  vacant  except  for  an  extremely  delicate 
meshwork  of  fibrous  tissue  surrounding  a  small  blood  vessel  that  ran  through 
the  cavity.  Between  the  various  cavities  ran  trabeculae  of  nerve  and  glia 
filers,  with  many  glia  nuclei  in  the  resting  stage.  These  septums  varied  in 
thickness  down  to  some  so  fine  that  they  were  formed  by  only  a  dozen  glia 
filx-rs.  Moreover,  in  the  walls  of  the  larger  spaces  there  were  projections  of 
glia  fibers,  remnants  of  septums  which  had  ruptured  and  retracted.  These 
cysts  had  no  lining,  and  there  were  no  degenerative  changes  in  the  adjacent 
tissues.  They  were  apparently  enormous  dilatations  of  perivascular  lymph 
spaces  brought  about  by  disappearance  of  nervous  tissue. 

CONCRETIONS 

Concretions  were  numerous  in  the  subependymal  tumors.  In  the  sections 
some  of  these  elements  were  circular,  intensely  black  sjKits ;  others  had  cen- 
tral areas  of  lighter  color;  others  had  lumina  containing  red  blood  cells, 
and  Itill  others  were  obviously  calcified  capillaries  and  small  blood  vessels. 
This  finding  has  been  recorded  by  many  investigators  who  agree  that  some 
vessels  show  calcareous  degeneration,  but  the  great  number  and  uniformity  of 
these  masses  in  some  places  has  led  to  the  suggestion  that  .some  of  them  are 
calcified  nervous  elements.  Calcium  infiltration  was  observed  in  certain  large 
cells  in  the  sclerotic  areas.  These  granules  were  most  numerous  in  old  com- 
pact tumors  with  dense  glia  capsules  and  few  functioning  vessel*.  On  the 
other  hand,  there  was  no  generalized  degeneration  of  cells,  and  some  apparently 
perfect  tumor  cells  were  seen  lying  next  the  calcareous  bodies.  Ranke  ascrilws 
both  a  vascular  and  cellular  origin  to  these  bodies. 

RENAL     TUMORS 

These  varied  in  character,  some  consisting  almost  entirely  of  fat,  others 
of  spindle  cells,  others  of  thick-walled  blood  vessels.    Occasionally  all  these 
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elements  were  found  in  a  single  tumor.    They  were  inlaid  in  the  renal  paren- 
chyma,  compressed   it   but   little,   were   sharply   circumscribed   but   not  encap- 
sulated, and  gave  no  hint  of  vegetative  activity. 
There  were  no  sebaceous  or  cardiac  tumors. 

SUMMARY 

The  cerebral  changes  in  tuberous  sclerosis  are: 

1.  Abnormal  differentiation  of  germinal  cells  during  the  middle 
fetal  months  with  the  production  of  neuroglial  cerebral  sclerosis  and 
subependymal  tumors. 

2.  Incomplete  differentiation  of  ganglion  cells  with  the  production 
of  bizarre  types. 

3.  Persistence  of  the  external  granule  layer  of  the  cerebral  cortex. 

4.  Agenesis  of  myelin  sheaths  in  the  sclerotic  areas  and  underlying 
white  matter. 

5.  Calcareous  degeneration  of  the  walls  of  vessels  in  the  sub- 
ependymal tumors. 

6.  Localized  microgyria. 

In  addition,  in  this  particular  case  there  was  dilatation  of  the 
perivascular  lymph  spaces  with  cavity  formation.  There  was  no  involve- 
ment of  the  projection  tracts. 
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I'mLADrLPIIIA 

In  1916  I  '  reported  several  ca.->c.>  ut  a  ilisonler  uccurriiif;  in  one 
family,  which  seemed  to  me  to  belong  to  the  group  known  as  pseudo- 
sclerosis, probably  a  family  form  of  a  lesion  of  the  lenticular  nncleus. 
and  in  that  paper  I  grouped  the  various  disorders  attributed  to  dis- 
ease of  the  lenticular  nucleus.  These  were  the  pseudosclerosis  of 
VN'estphal  and  Striimpell,  Huntington's  chorea,  Parkinson's  disease, 
spastic  pseudobulbar  j)alsy  with  contractures  and  chorco-athctoid 
niovements  of  Oppenbcini  and  \'c^t.  and  Frcund  and  \'ogt.  Opjx-n- 
heim's  dystonia  musculorum  deformans,  and  double  athetosis.  To 
this  list  I  added  von  Bechterew's  hemitonia  apoplectica  and  certain 
forms  of  carbon  monoxid  poisoning,  and  I  am  inclined  to  add  a  certain 
form  of  paramyoclonus  multiplex  resulting  from  lethargic  encephalitis. 
To  the  list  might  also  be  added  arteriosclerotic  muscular  rigidity  and 
certain  forms  of  senile  dementia,  which  Striimpell  thinks  belong  to 
his  amyostatic  syndrome.  He  refers  to  a  paper  on  the  arteriosclerotic 
form  of  muscular  rigidity  by  O.  Forster,  but  is  unwilling  to  attribute 
to  arteriosclerosis  of  the  brain  arteries  so  great  causal  and  primary 
significance  as  Forster  has  done.  He  thinks  other  etiologic  factors 
are  to  be  considered  and  that  while  arteriosclerosis  is  a  frequent 
accompanying  condition,  it  is  not  a  conditio  sine  qua  non. 

Nonne  says  that  numerous  findings  in  lethargic  encephalitis  show 
that  acute  inflammation  of  the  basal  ganglions  may  cause  the  amyostatic 
syndrome.  It  seems  to  me  that  the  involuntary  jerkings  of  lethargic 
encephalitis  probably  have  their  origin  in  these  structures,  whether 
tiiey  assume  a  choreiform  or  myoclonic  type.  A  few  months  ago  a 
case  of  the  myoclonic  form  of  lethargic  encephalitis  with  intense 
muscular  contractions  of  the  myoclonic  tyiie  in  various  parts  of  the 
body  occurred  in  my  service  and  terminated  fatally.  1  found  in 
microscopic  sections  a  pronounced  cellular  infiltration  of  the  region 
of  the  basal  ganglions,  but  not  confined  to  them.  It  occurred  diffusely 
in   the  basal   part   of   the  temporal   lobe.     The   intense   perivascular 
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cellular  infiltration  of  the  region  of  the  aqueduct  of  Sylvius,  so  com- 
mon in  the  usual  form  of  lethargic  encephalitis,  did  not  occur  in 
this  case. 

REPORT     OF     A     CASE 

History.— M.  A.,  a  girl,  aged  16,  was  admitted  to  the  Philadelphia  Gen- 
eral Hospital,  Sept.  5,  1882,  and  died  there  Dec.  24,  1919.  The  notes  taken 
when  she  was  admitted  stated  that  her  father  was  dead,  but  her  mother,  one 
brother  and  one  sister  were  living  and  well.  The  patient's  intelligence  was 
said  to  be  good.  When  she  was  about  5  years  of  age  it  was  noticed  that 
she  had  begun  to  drag  her  left  lower  limb  and  that  her  left  upper  limb  was 
useless.  Other  parts  of  the  body  became  successively  aflfected  and  the  paralysis 
assumed  a  spastic  character,  the  head  became  drawn  to  the  left,  the  body 
arched  to  the  left,  the  knees  flexed  and  the  feet  placed  in  the  position  of 
talipes  varus.  Marked  incoordinate  movements  were  observed  in  the  hands 
and  feet;  the  limbs  on  the  left  side  became  useless,  but  the  right  hand  still 
had  some  voluntary  function.  She  could  not  walk  and  could  not  sit  in  a 
chair  unless  tied  in  it.    Articulation  was  difficult  and  defective. 

Dr.  George  Wilson  made  some  notes  on  Jan.  29,  1915.  She  had  been  in 
the  Philadelphia  General  Hospital  thirty-three  years.  She  was  irritable  and 
had  an  exceedingly  violent  temper.     She  objected  strenuously  to  being  exam- 


Fig.  1. — Spastic  contractions  with  athetoid  movements.  These  photographs 
were  taken  by  Dr.  Ralph  Pemberton  some  years  before  the  death  of  the  patient. 

ined  and  on  one  occasion  called  the  examiner  an  abusive  name  with  unusual 
distinctness.  She  had  a  peculiar  explosive  speech,  which  was  indistinct; 
occasionally  words  were  said  distinctly.  One  who  associated  with  her  con- 
stantly was  able  to  understand  what  she  said.  She  had  difficulty  in  chewing 
and  swallowing  and  had  to  be  fed. 

Examination. — ^She  appeared  shrunken.  Her  irides  seemed  to  react  to  light 
and  in  convergence.  She  hgd  no  nystagmus  and  no  exophthalmos.  Her  lower 
jaw  was  frequently  drawn  downward  and  to  the  left  and  the  movements  were 
typically  athetoid.  Her  upper  limbs  had  little  voluntary  power.  The  fingers 
were  tightly  clasped  into  the  palms  and  the  forearms  were  supinated  or 
pronated  slowly  and  unevenly.  The  upper  limbs  were  hypertonic  and  the 
tendon  reflexes  could  not  be  obtained  satisfactorily. 

The  lower  limbs  were  extremely  spastic  and  presented  athetoid  movements, 
the  right  foot  was  strongly  inverted  and  the  right  great  toe  extended  in  the 
movements,    while    the    left    foot    was    placed    so    strongly    in_  the    position    of 


equinus  that  the  toes  were  more  |)osterior  than  the  heel.  Plantar  stimulation 
gave  no  response  except  athetoid  movements,  which  seemed  more  pronounced 
when  external  stimulus  was  applied  to  the  feet.  The  patellar  reflexes  were 
not  obtained  on  account  pf  the  spasticity.  At  times  when  the  athetoid  move- 
ments relaxed  the  entire  right  lower  limb  seemed  to  go  into  clonus.  The  sen- 
sation of  pain  was  preserved. 

On  Feb.  21,  1916,  the  condition  was  about  the  same.  All  the  limbs  showed 
contractures  and  there  was  some  muscular  atrophy.  Mental  deterioration  was 
marked. 

On  June  10,  1916,  it  was  noted  that  she  agreeably  cooperated  in  the  exam- 
ination to  the  best  of  her  ability.  While  mentality  was  poor  she  showed  no 
attacks  of  exaltation  or  depression,  and  no  errors  of  sense  perception  or  of 
judgment. 

Her  muscular  system  was  cdntiniially  in  a  universal  athetosis.  The  arms, 
hands,  legs  and  feet  were  most  involved  and  to  an  extreme  degree,  the  neck 
was  less  involved,  and  the  trunk  only  slightly  involved.  There  was  a  spastic 
scoliosis.  The  tendon  reflexes  were  not  obtained,  possibly  liecause  of  the 
spasticity.  The  muscles  were  moderately  atrophied.  Both  pupils  showed  myosil. 
On  Dec.  28,  1916,  she  had  periodic  attacks  of  diarrhea.  She  had  myocarditis 
and  her  death  on  Dec.  24,  1919,  was  attributed  to  this  cause. 
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Fig.  2. — Spastic  contractions  with  athetoid  movements. 

Xccropsy  Examination. — The  necropsy  examination  was  performed  by  Dr. 
Edward  Weiss.  The  liver  showed  passive  congestion ;  its  weight  was  510  gm. 
It  was  long  and  narrow,  its  surface  was  granular,  the  capsule  was  transparent 
and  the  substance  finely  mottled.  It  showed  marked  congestion  of  the  central 
acini  of  the  Inbules  with  dilatation  of  the  contributing  sinusoids  and  atrophy 
and  pigmentation  of  the  surrounding  liver  cells,  with  slight  increase  in  the 
supporting  tissue.  The  diagnosis  was  chronic  passive  congestion  and  red 
atrophy. 

The  spleen  showed  passive  congestion.  It  was  small  and  firm ;  the  interior 
was  dark  red ;  the  trat>eculae  were  well  marked.  It  weighed  70  gm.  It  showed 
hyperplasia  of  the  follicles,  considerable  increase  in  connective  tissue  sup- 
portive structure  and  splenic  capsulitis.  The  diagnosis  was  chronic  diffuse 
splenitis. 

The  left  kidney  weighed  80  gm. ;  the  right  90  gm.  They  showed  slight 
chronic  interstitial  nephritis.  The  left  kidney  was  small  and  firm  and  cut  with 
increased    resistance ;    the    capsule    stripped    with    diflkulty,    leaving    a    finely 


granular  surface;  the  cortex  was  narrow  and  the  cortical  striations  distinct. 
The  left  suprarenal  gland  grossly  was  normal.  The  right  kidney  and  supra- 
renal gland  were  about  the  same  as  the  left. 

The  length  of  the  body  was  SO  inches.  The  brain  and  cord  weighed  1,170  gm. 
They  were  studied  by  me.  The  convolutions  of  the  frontal  lobe  were  dis- 
tinctly smaller  than  those  of  the  rest  of  the  cerebrum,  but  there  were  no  scle- 
rotic areas  in  the  cortex. 

Microscopic  Exatnination. — A  horizontal  section  was  made  through  the  upper 
part  of  the  basal  ganglions.  Each  lenticular  nucleus  was  about  one-half  the 
normal  size.  The  globus  .pallidus  on  each  side  was  firm  but  the  putamen  on 
each  side  had  a  worm  eaten  appearance  and  contained  numerous  small  holes. 
A  second  horizontal  section  was  made  through  the  cerebrum  about  1  cm. 
below  the  first  section,  and  the  basal  ganglions  from  the  left  cerebral  hemi- 
sphere in  this  upper  piece  were  cut  in  serial  sections.  The  basal  ganglions  on 
the  right  side  were  cut  in  serial  section  below  the  second  cut.  As  the  basal 
ganglions  from  the  two  sides  had  the  same  macroscopic  and  microscopic 
appearance,  it  was  not  considered  necessary  to  cut  all  parts  of  them,  especially 
as  it  was  desirable  to  keep  a  portion  of  them  intact  on  account  of  their  gross 
appearance. 

Sections  from  the  tip  of  the  right  frontal  lobe  were  stained  with  thionin 
to  determine  the  cellular  condition.  They  did  not  show  any  distinct  pathologic 
condition.  The  Betz  cells  oi  the  paracentral  lobules  were  greatly  altered,  the 
nucleus  was  eccentric  and  the  chromatolysis  was  pronounced,  but  the  smaller 
nerve  cells  of  the  paracentral  cortex  did  not  appear  to  be  greatly  altered. 
Weigert  hematoxylin  sections  of  the  paracentral  lobules  were  normal. 

The  nerve  cells  of  the  left  island  of  Reil  were  in  good  condition.  Nowhere 
could  an  increase  in  size  of  the  neuroglia  nuclei  be  found.  The  left  putamen 
was  made  up  of  shreds  of  tissue  containing  numerous  neuroglia  nuclei  but 
only  here  and  there  a  nerve  cell,  small  and  much  altered,  was  found.  The 
Weigert  hematoxylin  stain  showed  numerous  separate,  wavy,  medullated  fibers 
in  the  putamen,  each  fiber  standing  out  distinctly  on  the  brown  background. 
The  blood  vessels  of  the  putamen  were  much  thickened  and  the  perivascular 
spaces  were  much  enlarged. 

The  globus  pallidus  was  atrophic,  as  was  also  the  nucleus  caudatus,  but 
neither  showed  the  peculiar  tissue  seen  in  the  putamen.  The  external  and 
extreme  capsules  were  well  defined  by  the  Weigert  hematoxylin  stain.  The 
internal  capsule,  both  the  anterior  and  posterior  limbs,  was  normal.  The 
thalamus  was  about  normal  in  size  and  appearance. 

The  putamen  of  the  right  side  of  the  brain  showed  the  same  condition  as 
that  of  the  left  side.  The  perivascular  spaces  within  it  were  greatly  enlarged. 
The  globus  pallidus,  aside  from  a  diminution  in  the  number  of  medullated 
nerve  fibers  and  a  smaller  size,  was  not  greatly  altered.  The  ansa  lenticularis 
was  probably  a  little  smaller  than  normal.  The  cells  of  the  nucleus  ruber 
were  in  good  condition  and  the  nucleus  was  of  normal  size.  The  corpus 
dentatum  appeared  to  be  normal,  but  the  cells  were  much  pigmented.  The 
anterior  cerebellar  peduncles  were  normal. 

The  nerve  cells  in  the  anterior  horns  of  the  spinal  cord  in  the  cervical  and 
lumbar  regions  by  the  thionin  stain  appeared  on  the  whole  to  be  normal,  except 
that  here  and  there  an  intensely  altered  cell  was  found,  in  which  the  cell  body 
was  swollen,  the  nucleus  was  displaced  and  chromatolysis  was  pronounced. 
The  pyramidal  tract  was  normal  throughout  the  brain  and  spinal  cord. 


OIFI-ERENTIAL     niAGNOSIS 

Lenticular  Diujciierolioii.—'Whcit  one  reads  tlie  clinical  description 
Wilson  ^  gives  of  his  progressive  lenticular  degeneration,  tlie  resem- 
blance to  bilateral  acquired  athetosis  is  striking.  He  says:  It  con- 
sists of  involuntary  movements,  nearly  always  a  l)ilateral  tremor  of 
both  upper  and  lower  extremities,  the  head  and  trunk  also  being 
sometimes  involved — a  tremor  usually  rhythmical  but  occasionally 
irregidar,  and  increasing  with  volitional  movement :  there  is  pro- 
nounced spasticity  of  the  limbs  and  of  the  face,  the  latter  being  usually 
set  in  a  spastic  smile,  while  in  the  later  stages  contracture  of  the 


Fig.  3. — Normal  section  through  the  basal  ganglions.  Gimpare  this  with  the 
section  represented  in  Figure  4  taken  at  aliout  the  same  level  from  the  case  of 
douWc  athetosis. 

limbs  develops;  there  is  dysphagia  and  dysarthria,  the  latter  even- 
tually degenerating  into  complete  anarthria ;  there  is  sometimes  spas- 
modic laughing  and  emotionalisnj.  .\s  a  result  of  the  extraordinary 
degree  of  stiffness  of  the  musculature  there  is  considerable  difficulty, 
in  maintaining  equilibrium.  Little  or  no  true  paresis  or  paralysis 
occurs,  however,  as  most  ordinary  movements,  if  not  all,  can  be 
executed,  though  it  may  be  slowly  and  feebly,  and  there  is  some 
weakness.  In  .some  cases  certain  mental  symptoms,  of  a  transitory 
nature,  manifest  themselves.  There  is  no  sensory  disturbance  and 
no  alteration  in  the  cutaneous  reflexes.  If  the  abdominal  reflexes  arc 
absent   (apart   from  muscular  rigidity)   or  the  plantary  reflex  is  of 
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the  extensor  type,  the  syndrome  is  no  longer  pure.  This,  Wilson 
holds,  is  the  clinical  picture  in  pure,  uncomplicated,  bilateral  lesions 
of  the  lenticular  nucleus,  and  more  generally  of  the  corpus  striatum, 
provided  they  are  of  sufficient  size  and  of  adequate  duration. 

Wilson  says  Gowers,  Ormerod,  Homen  and  he  (Wilson)  have 
been  struck  by  the  odd  way  in  which  the  patients,  seemingly  so 
inarticulate,  have  occasionally  been  able  to  utter  words  or  phrases 
with  comparative  ease  and  distinctness.  This  was  especially  observed 
in  my  case  of  double  athetosis  when,  on  one  occasion,  the  patient 
said  "damned  fool"  with  great  distinctness,  whereas  usually  she 
could  hardly  be  understood. 

The  lesions  Wilson  found  in  the  lenticular  nucleus  in  his  cases 
consist  of  glial  overgrowth  which  disintegrates  and  breaks  down ; 
there  is  often  an  immense  increase  in  glial  nuclei ;  the  nerve  fibers 
and  nerve  cells  of  the  normal  nucleus  disappear;  "Kornchenzellen" 
and  macrophages  are  frequently  present  in  numbers.  Even  when 
the  cavity  formation  is  extreme  there  are  no  signs  of  obliterative 
endarteritis  in  the  blood  vessels,  the  perforating  lenticulostriate  ves- 
sels and  their  branches.  In  advanced  cases  there  are  degeneration 
of  the  ansa  lenticularis,  relative  atrophy  of  the  corpus  Luysii,  partial 
degeneration  of  the  lenticular  bundle  of  Forel  and  of  the  strio-Luysian 
fibers  and  degeneration  of  striothalamic  fibers.  Apart  from  the  degen- 
eration in  the  lenticular  nucleus,  the  changes  in  the  brain  are  insignifi- 
cant. Thus,  the  pathologic  finding  is  bilateral  symmetrical  degeneration 
of  the  putamen  and  globus  pallidus,  especially  of  the  former.  The 
caudate  nucleus  is-  often  somewhat  atrophic,  but  never  to  the  same 
extent.  The  Betz  cells  are  intact  and  the  cerebral  cortex  offers  little 
definite  alteration. 

Although  Wilson  found  no  important  cortical  changes  in  his  cases, 
others  have  reported  such  findings.  It  is  impossible  to  explain  all 
the  symptoms  of  progressive  lenticular  degeneration  by  lesions  of 
the  lenticular  nucleus,  and  this  has  impressed  Striimpell,  who  states 
that  the  psychic  symptoms  (dementia,  excitement  and  other  symp- 
toms)  cannot  be  attributed  to  the  disease  of  the  lenticular  nucleus. 

In  the  case  of  progressive  lenticular  degeneration  reported  by 
Lhermitte "  the  findings  in  the  lenticular  nucleus  closely  resembled 
those  in  my  case  of  athetosis.  He  found  atrophy  of  the  putamen  and 
caudate  nucleus,  and  the  putamen  contained  lacunes  of  disintegration. 
The  vessels  were  normal  in  these  lesions.  The  picture  he  gives  of 
the  lesions  resembles  the  findings  of  my  case  but  the  putamen  appears 
less  intensely  affected.  He  says  the  nerve  cells  of  all  regions  of  the 
cerebral  cortex  were  atrophied  and  full  of  lipochrome  granules. 


3.  Lhermitte:     Semaine  med.  32:121    (March    13)    1912. 


Schiitte  *  reported  a  case  which  he  thoiiglit  resembled  progressive 
lenticular  degeneration,  and  he  found  decided  alteration  of  the  brain, 
especially  of  the  frontal  lobe,  where  the  nerve  elements  were  destroyed 
in  places.  The  remaining  cerebral  cortex  was  diflTusely  affected  but 
much  less  intensely.  The  basal  ganglions  showed  some  change  in  the 
ganglion  cells  and  increase  of  neuroglia,  but  only  in  slight  degree,  and 
yet  the  symptoms  were  not  essentially  different  from  those  of  Wilson's 
cases.  Schiitte  questions  whether  the  lenticular  nucleus  is  the  seat 
of  the  disease.     He  also  found  the  liver  diseased. 

In  the  case  of  progressive  lenticular  degeneration  reported  by 
Pfeiffer,'*  in  addition  to  lenticular  lesions  the  cerebral  cortex  was 
much  altered.     The  ganglion  cells  in  the   frontal  region  were  more 


Fig.  4.— Basal  ganglions  from  the  case  of  double  athetosis.  Compare  the 
lenticular  nucleus  with  the  lenticular  nucleus  in  Figure  3.  The  section  is 
from  the  left  cerebral  hemisphere. 

severely  affected  than  in  other  parts  of  the  cortex.  A  swelling  of 
the  cells  was  observed,  but  shrinkage  and  other  types  of  cellular  dis- 
ease were  likewise  frequently  encountered,  limited  to  the  small  and 
medium  sized  cells.  In  the  motor  region  the  giant  cells  were  not 
perceptibly  affected,  but  the  commissural  and  associated  neurone  wore 
altered. 

in  Pollock's'  case  of  progressive  lenticular  degeneration,  in  addi- 
tion to  lesions  of  the  lenticular  nuclei  some  cortical  changes  were 
found  but  the  Betz  cells  seem  to  have  been  little  altered. 


4.  Schutte:    Arch.  f.  Psychiat.  St-.iM.   lyiJ. 

5.  Pfeiflfer:    J.  Nerv.  &  Ment.  Dis.  «»:289  (-^pril)    1917. 

6.  Pollock:     1.    N.rv.   X    Ment.   Dis.  4«:401    (Dec.)    1917. 
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Pseudosclerosis. — The  pseudosclerosis  of  Westphal  and  Striimpell 
apparently  is  generally  regarded  by  German  writers  as  identical  or 
at  least  closely  allied  with  Wilson's  progressive  lenticular  degeneration, 
and  some  go  so  far  as  to  refer  to  both  conditions  collectively  as  the 
Westphal-Striimpell-Wilson  syndrome  (Thomalla).  Wilson  recog- 
nized the  resemblance  between  the  two  disorders  in  an  appendix  to 
his  paper  in  Brain  and  in  Lewandowsky's  "Handbuch,"  and  Striimpell 
has  expressed  the  opinion  that  they  are  the  same  disease. 

Otto  Maas  '  came  to  the  conclusion  that  no  distinction  could  be 
made  clinically  or  pathologically  between  the  two  disorders. 
Thomalla  *  says  that  in  all  cases  of  pseudosclerosis  carefully  studied 
histologically,  changes  were  found  in  the  lenticular  nucleus,  in  other 
ganglions  of  the  cerebrum  and  often  in  the  nucleus  dentatus.  He 
asserts  that  von  Maas  and  von  Dziembowski  have  demonstrated  the 
identity  of  the  two  diseases.  I  have  not  been  able  to  obtain  the  paper 
by  the  latter  author,  but  Thomalla  referring  to  it  says  that  von 
Dziembowski  in  his  first  case  found  no  changes  in  the  lenticular 
nucleus  and  attributed  all  the  symptoms  to  disease  of  the  liver  and 
alteration  of  the  blood;  nothing  is  said  about  the  method  of  the 
histologic  examination. 

It  is  therefore  worth  while  to  study  some  of  the  recent  papers  on 
pseudosclerosis.     This  is  a  term  used  chiefly  by  German  writers. 

Hosslin  and  Alzheimer,"  in  a  case  of  pseudosclerosis,  found  the  con- 
volutions in  general  small  and  the  sulci  widened.  Nowhere  was  cellu- 
lar infiltration  found.  The  glia  of  the  brain  was  altered  everywhere 
and  there  were  many  large  glia  cells.  The  entire  central  nervous 
system  was  afifected,  especially  the  corpus  striatum,  thalamus,  regio 
subthalamica,  pons  and  nucleus  dentatus.  The  cells  after  alcohol  hard- 
ening were  stained  with  toluidin  blue. 

A.  Westphal  ^°  in  his  case  of  this  disease  found  alteration  of  the 
glia  nuclei,  especially  in  the  basal  ganglions  and  the  nucleus  dentatus 
of  the  cerebellum,  corresponding  with  those  described  by  Alzheimer, 
but  less  pronounced  and  indicating  an  earlier  stage  of  the  disease. 

Otto  Mass'  case  of  the  same  disease  showed  bilateral  degenera- 
tion of  the  lenticular  nucleus  and  nothing  pathologic  in  the  optic 
thalamus  and  caudate  nucleus.  In  the  lenticular  nucleus  the  nerve  cells 
had  almost  entirely  disappeared,  but  nerve  fibers  coming  from  outside 
the  lenticular  nucleus  and  entering  it  were  preserved.  The  neuroglia 
of  the  lenticular  nucleus  showed  proliferation  and  many  astroc3rtes. 


7.  Maas:    Neurol.  Centralbl.,  1918,  No.   1,  p.   16. 

8.  Thomalla:    Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat.  41:311,   1918. 

9.  Hosslin  and  Alzheimer:  Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat.  8:18,?,  1912. 
10.  Westphal.  A.:    Arch.  £.   Psychiat.  51:1.  1913. 
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Maas  >.i_v>  ilLniRes  have  been  found  in  pseudnscliTosis  not  only  in  the 
liver,  but  in  the  spleen  and  other  glands.  Fleischer,  in  reix>rting  a 
case  of  pseudosclerosis,  is  said  to  have  been  the  first  to  emphasize 
that  liver  changes  belong  to  pseudosclerosis.  V'olsch  later  also  pointed 
out  the  importance  of  the  liver  findings.  Rausch  and  Schilder " 
say  the  liver  changes  in  pseudosclerosis  are  identical  with  those  in 
Wilson's  progressive  lenticular  degeneration.  The  brain  changes  are 
more  diffuse  in  pseudosclerosis,  but  Stocker  shows  that  this  is  not 
always  true  as  he  found  changes  in  the  entire  brain  in  Wilson's  type. 
Rumpel  "  believed  the  liver  which  he  studied  from  a  case  of 
pseudosclerosis  was  the  result  of  fetal  developmental  disturbance,  prob- 
ably from  congenital  syphilis. 


Kig.  5. — Sccliim  ihrcmgii  tlio  riglil  liasal  ganglions  iroiii  ilic  case  <>i  double 
athetosis.  The  degeneration  affects  the  putamen  and  the  tissue  consists  of  loose 
neuroglia.  There  is  no  large  cavity  in  the  putamen.  It  has  l>een  difficult  to 
pliotograph  these  sections. 


Athetosis  and  Lenticular  Degeneration.  —  Are  the  changes  of 
the  nerve  cells  of  the  cerebral  cortex  independent  of  the  altera- 
tion of  the  lenticular  nucleus  or  are  they  secondary  to  it?  It  has 
been  generally  believed  that  no  important  connection  exists  between 
the  ceberal  cortex  and  the  lenticular  nucleus,  and  although  this  view 
has  been  difficult  to  accept,  anatomic  investigations  have  seemed  to 
establi.sh  it.     Wilson  holds  that  the  direct  connection  of  the  corpus 


11.  Rausch  and  Schilder:    Deutsch.  Ztschr.  f.  Nervenh.  St:414,  1914. 
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striatum  with  the  cerebral  cortex  is  minimal.  Recently  von  Economo," 
however,  has  thrown  much  light  on  this  question.  He  believes  he  has 
demonstrated  an  anatomic  connection  between  the  lenticular  nucleus 
and  certain  parts  of  the  cerebral  cortex,  a  striotemporal  and  a  strio- 
parietal  connection.  This,  he  says,  is  contrary  to  the  teaching  of 
Dejerine,  who  denied  connection  from  the  cortex  to  the  corpus  stri- 
atum, and  said  that  only  collaterals  from  the  pyramidal  tract  fibers 
entered  the  corpus  striatum,  as  no  cortical  lesions  caused  atrophy  of 
the  corpus  striatum,  such  as  is  seen  in  the  optic  thalamus.  Von 
Economo  holds  that  as  there  are  association  tracts  between  different 
parts  of  the  cerebrum,  and  a  lesion  of  one  part  does  not  cause  atrophy 
of  other  parts  connected  with  it  by  these  association  tracts,  so  there 
exists  a  connection  between  the  corpus  striatum  and  the  cerebral 
cortex,  and  the  tracts  discovered  by  him,  the  striotemporal  and 
strioparietal,  are  examples  of  such  an  association.  It  would  be  strange, 
he  thinks,  if  the  corpus  striatum  were  isolated  from  the  rest  of  the 
cerebrum  except  by  its  striofugal  connections  with  the  optic  thalamus, 
corpus  Luysii  and  nucleus  ruber.  Von  Economo  regards  the  tonic 
spasm  without  reflex  exaggeration  as  a  pathognomonic  symptom  of 
disease  of  the  lenticular  nucleus. 

It  is  possible,  therefore,  that  the  alteration  of  the  cells  of  the  cere- 
bral cortex  has  a  close  connection  with  the  alteration  of  the  lenticular 
nucleus.  The  changes  in  the  Betz  cells  in  my  case  of  athetosis,  evi- 
dently far  greater  than  any  alteration  of  the  cortex  observed  by 
Wilson  in  his  cases,  may  have  some  connection  with  the  greater  severity 
of  involuntary  movement  in  my  case,  in  which  there  was  athetosis  of 
an  extreme  type  in  comparison  with  the  tremor  of  Wilson's  cases ;  and 
yet  Madame  Vogt  did  not  find  intense  change  in  the  cortical  nerve 
cells  in  her  studies. 

The  most  striking  diflference  in  the  description  given  by  Wilson  of 
progressive  lenticular  degeneration  and  one  of  acquired  athetosis  is  in 
relation  to  the  duration  of  the  disorder  and  the  presence  of  tremor, 
as  in  bilaterial  athetosis  the  involuntary  movement  is  not  regular  and 
is  unlike  that  described  by  Wilson ;  and  yet  in  Gowers'  case  which 
Wilson  accepts  as  belonging  to  his  type,  it  is  stated  that  the  fingers  at 
times  were  extended  and  slowly  moved  in  the  irregular  way  charac- 
teristic of  athetosis.  Wilson  states  that  tremor  and  athetosis  may 
occur  together,  but  they  are  sufficiently  distinct  to  be  described  apart. 
In  another  place  he  distinctly  states  that,  associated  movements  and 
athetoid  movements  do  not  occur  in  progressive  lenticular  degeneration. 

It  remains  to  be  proved,  I  think,  whether  the  involuntary  move- 
ments in  progressive  lenticular  degeneration  are  practically  always  of 
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the  tremor  type  and  are  characteristic  of  lesions  contincd  to  tlie  len- 
ticular nucleus.  My  case  of  athetosis  is  proof  to  the  contrary,  so  is 
Fischer's  "  case  of  athetosis  and  Thomaila's  case  of  torsion  spasm ; 
especially  so  are  those  studied  by  Madame  Vogt  in  association  with 
others.  Von  Econonio  has  shown  by  a  case  of  his  own  and  by  others 
that  in  progressive  lenticular  degeneration  spontaneous  movements  may 
be  entirely  absent.  Lenticular  lesions  may  therefore  cause  involuntary 
movements  of  different  types. 

Wilson  states,  in  comparing  his  cases  with  those  of  Madame  Vogt," 
that  in  his  cases  there  were  no  associated  movements  or  any  type  of 


Fig.  6. — Section  under  greater  luaKniticatioii  tlirouKh  the  putamen,  showing 
the  loose  neuroglia  tissue.  A  blood  vessel  with  an  enlarged  perivascular  space 
,is  seen  passing  entirely  across  the  section.  (Photographs  of  the  brain  are 
by  Dr.  A.  J.  Smith.) 

athetosis.  These  differences  he  regards  as  important,  for  progressive 
lenticular  degeneration  is  a  disease  sui  generis,  and  is  not  to  be  con- 
sidered as  a  variety  of  "athetose  double."  Madame  Vogt  believes 
that  the  syndrome  of  the  corpus  striatum  is  an  "atheto.sc  double  pure." 
but  Wilson  is  more  inclined  to  assnoi.-itc  tremor  than  athetosis  with 
the  syndrome. 


14.  Fischer:    Ztschr.  f.  <l.  fics.  Neurol,  u.  Psychiat.  7:463,  1911. 

15.  Oppenheim  and  V<n'      '    '    Psychol,  u.  Neurol.  18:   1912.     Freund  and 
Vogt:    Ibid. 
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•  Wilson  points  out  that  in  Anton's  case,  which  he  (Wilson)  asso- 
ciates with  cases  of  athetosis,  the  involuntary  movements  in  the  lower 
limbs  were  more  like  tremor.  There  was  therefore  in  this  case  an 
association  of  tremor  with  lenticular  disease. 

Madame  Vogt's  findings  are:  In  the  case  of  infantile  pseudo- 
bulbar paralysis  with  athetosis  reported  by  her  with  Oppenheim,  the 
caudate  nucleus  and  putamen  were  much  affected.  The  globus  pallidus 
was  atrophied  in  its  dorsal  portion.  The  ansa  lenticularis  appeared 
'little  altered.  Nothing  abnormal  was  found  in  the  cerebellum  or  in 
the  cerebral  cortex.  The  internal  capsule  appeared  to  be  unusually 
large  on  account  of  the  change  in  the  corpus  striatum.  Madame  Vogt 
thought  the  parts  destroyed  must  have  had  a  regulating  and  inhibiting 
effect  on  the  motor  system. 

In  the  case  reported  by  her  with  Freund,  the  cerebral  cortex  showed 
no  noteworthy  alteration.  Here  also  was  found  only  atrophy  and 
etat  marbre  in  a,  part  of  the  caudate  nucleus  and  the  putamen.  The 
rest  of  the  brain  was  intact ;  even  the  Betz  cells  were  normal. 

Cecile  Vogt,  depending  on  the  case  of  Anton,  the  cases  she  studied 
with  Oppenheim  and  Freund  and  the  two  brains  from  Barre,  believes 
the  etat  marbre  and  atrophy  of  the  corpus  striatum  produce  the  syn- 
drome of  the  corpus  striatum,  namely,  double  athetosis  without  or 
almost  without  paralysis  and  without  intellectual  deficit  or  without 
pronounced  intellectual  deficit. 

Striimpell  ^^  reports  two  clinical  cases  in  brother  and  sister  which 
he  does  not  fully  identify  with  Wilson's  type,  but  brings  into  close 
relationship  with  it.  Rigidity  was  the  most  characteristic  feature  in 
his  cases  and  tremor  was  so  slight  and  fine  that  without  careful  obser- 
vation it  would  have  been  overlooked,  and  it  was  not  always  present. 
In  one  of  these  cases  athetosis  was  especially  marked  in  the  hands  and 
less  so  in  the  feet ;  in  the  other  case  athetosis  was  not  observed  in  the 
hands,  but  it  was  pronounced  and  constant  in  the  toes  though  not 
intense.  These  cases  show  the  relation  between  progressive  lenticular 
degeneration  and  bilateral  athetosis. 

Anton's  "  case  was  one  of  chorea  with  athetosis.  He  found  almost 
symmetrical  isolated  lesions  of  the  posterior  half  of  the  putamen  of 
the  lenticular  nucleus.  The  optic  thalamus  and  internal  capsule  were 
normal.  He  attributed  the  lesions  of  the  putamen  to  thrombosis  of 
the  several  small  vessels  supplying  the  putamen  and  passing  through 
the  substantia  perforata.  Such  thrombosis  might  be  caused  in  chil- 
dren by  cachexia  and  fever.     He  quotes  Kolisko  as  showing  that  the 


16.  Striimpell:    Deutsch.    Ztschr.   f.   Nervenh.   54:207,    1915-1916. 

17.  Anton:    Jahrb.   f.  Psychiat.   14:141,   1896. 
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arteries  supplyiiij^  the  caiidaii-  micleu!>  and  ilic  jjltilnis  |>alii(lus  come 
at  a  sliarp  angle  from  the  anterior  cerel»ral  artery,  and  tlic  current  is 
opposite  to  that  in  this  artery. 

Oskar  Fischer  mentions  that  although  lesions  in  a  iocaimn  typical 
for  hemichorea  are  freiiuent,  hemichorea  seldom  occurs.  Why  in 
one  case  chorea  occurs  and  in  another  is  wanting  he  cannot  explain. 
The  same  kind  of  lesion  in  the  same  location  in  one  case  may  cause 
hemichorea,  in  another  heniiathetosis  or  hemitremor.  There  is  no  satis- 
factory explanation  for  this. 

He  reports  a  case  of  douhle  atiietosis  of  gradual  devflopiiRiu  in 
which  he  found  granular  pigmentary  degeneration  of  the  ganglion  cells 
in  the  globus  pallidus  of  each  lenticular  nucleus.  The  boy  was  normal 
until  14  or  15  years  of  age,  but  between  15  and  17  the  athetosis  prob- 
ably developed.  The  necropsy  showed  great  tlimituition  in  the  size 
of  the  globus  pallidus,  it  appeared  shrunken  and  was  of  brownish  color. 
and  was  more  intensely  colored  in  its  anterior  portion,  but  showed  no 
softening  or  hemorrhage.  The  atrophy  of  the  lenticular  nucleus  was 
evident  in  Weigert  sections.  The  cerebral  hemispheres  were  smaller 
than  normal,  and-  the  white  matter  less  developed,  but  this  was  much 
less  than  the  atrophy  of  the  lenticular  nucleus,  although  the  atrophy 
was  not  equally  intense  in  all  parts  of  the  nucleus.  The  putamen  was 
distinctly  atrophied  but  not  nearly  so  much  as  the  globus  pallidus, 
which  was  about  half  the  normal  size.  The  globus  pallidus  was  jjoor 
in  medullated  fibers,  more  so  in  the  anterior  portion,  which  was  of 
much  the  same  color  as  the  putamen.  The  optic  thalamus  and  internal 
capsule  were  distinctly  smaller  but  the  caudate  nucleus  showed  no 
change. 

The  pallor  of  the  globus  i)alli<lus  was  caused  by  a  scarcity  of 
medullated  fibers  and  the  small  size  of  the  medullated  fibers  preserved. 
The  ganglion  cells  of  this  structure  were  greatly  changed ;  in  Nissl 
stain  they  were  enlarged  and  rounded,  and  the  nucleus  was  swollen 
and  the  nucleolus  enlarged.  The  cell  body  contained  .numerous  fine 
granules  and  other  changes  were  apparent.  The  globus  ])allidus  alone 
showed  pathologic  change.  No  changes  \\cr<'  foiiiid  in  the  anterior 
cerebellar  peduncles. 

l.OiAllO.V     1(1       Ll-.SlD.N.s     l.\      .M  Ill.lUSl.s 

.Schilder  "  shows  that  in  athetosis  the  lesion  was  found  in  different 
locations,  and  he  classifies  the  cases  as  follows : 

Lenticular  Legions : 

1.  .\nton's  case  in  which  pathologic  changes  were  found  only  in 
the  putamen  of  each  lenticular  nucleus  and  the  left  ansa  lenticularis 
was  small. 


18.  Schilder:    Zt^dn    l    d    »;<■•..    N.in..l.   u     I\>.l.i:,t     7:.'I'»,    I'jH, 
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2.  Berger's  case  in  which  athetosis  was  confined  to  the  right  side. 
A  cavity  was  found  in  the  left  lenticular  nucleus. 

3.  Oppenheim  and  Vogt's  case  in  which  there  was  pseudobulbar 
palsy  with  athetosis  and  changes  in  the  corpus  striatum. 

Optic  Thalamus  Lesions : 

1.  Herz's  case,  in  which  there  was  athetosis  on  the  right  side.  A 
cyst  was  found  in  the  optic  thalamus ;  the  nucleus  ruber,  anterior  cere- 
bellar peduncle  and  nucleus  dentatus  were  altered. 

2.  Muratow's  case  of  athetosis.  A  gumma  was  found  in  the  optic 
thalamus  and  the  anterior  cerebellar  peduncle  also  showed  a  lesion. 

Lesions  were  found  in  the  nucleus  ruber  in  the  cases  of  Halban 
and  Infeld,  and  Marie  and  Guillain. 

The  anterior  cerebellar  peduncle  was  affected  in  Bonhoffer's  case. 

A  tubercle  was  found  in  the  cerebellar  hemisphere  in  Pineles'  case. 

In  a  case  of  unilateral  athetosis  reported  by  Schilder  a  tumor  was 
found  in  the  lenticular  nucleus.  Another  lesion  was  found  in  the 
cerebellum. 

Nonne  has  recently  expressed  the  opinion  there  can  no  longer  be 
any  doubt  that  lesions  of  the  optic  thalamus  and  corpus  striatum  are 
responsible  for  athetosis  and  certain  forms  of  chorea  and  paralysis 
agitans. 

DYSTONIA     MUSCULORUM     PROGRESSIVA     IN     CORPUS     STRIATUM     GROUP 

It  is  interesting  to  see  that  dystonia  musculorum  deformans  has 
a  pathology  placing  the  disorder  in  the  group  of  corpus  striatum 
diseases. 

In  a  case  of  this  kind  reported  by  Curt  Thomalla  there  was  intense 
alteration  of  the  putamen  of  the  lenticular  nucleus.  The  putamen  on 
each  side  was  abnormally  small ;  its  tissue  was  below  the  level  of  the 
surrounding  structures  in  a  section  through  the  brain ;  it  was  of  softer 
consistency  and  was  fissured  (zerkliiftet).  The  putamen  showed  soft- 
ening, its  parenchyma  was  completely  destroyed,  ganglion  cells  and 
nerve  fibers  had  almost  entirely  disappeared,  and  the  neuroglia  had 
only  partially  proliferated  to  take  its  place.  A  spongy  porous  glia 
structure  replaced  the  normal  tissue  of  the  putamen,  in  which  the  glia 
nuclei  were  much  multiplied,  and  numerous  fatty  granular  cells  were 
in  its  meshes.  Astrocytes  were  few.  The  vessels  were  conspicuous  in 
this  gliar  reticulum,  but  were  not  quantitatively  increased.  A  feeble  ' 
round  cell  infiltration  was  found  in  the  outer  coat  erf  certain  vessels. 
The  pathologic  condition  was  sharply  defined  from  the  cortex  of  the 
island  of  Reil. 

The  nucleus  caudatus  showed  no  noteworthy  change,  and  the  bands 
of  tissue  connecting  the  nucleus  caudatus  and  the  putamen  through 
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the  anterior  liinl>  of  the  inicriial  capsule  were  not  altered.  The  globus 
pallidus  was  not  appreciably  altered  and  the  cortex  of  the  island  o( 
Reil  was  intact. 

The  liver  was  in  a  condition  like  that  described  by  Wilson  in  his 
cases  and  in  cases  of  pseudosclerosis.  The  inner  structure  was  dif- 
ferent and  was  believed  to  indicate  a  defect  of  development.  The 
pathologic  findings  were  reported  only  in  a  preliminary  manner. 

Thomalla's  patient  showed  transitory  but  typical  athetoid  move- 
ments, and  he  refers  to  the  fact  that  double  athetosis  has  often  been 
mentioned  in  association  with  torsion  spasm.  His  case  of  torsion 
spasm  is  the  first  in  which  there  has  been  a  necropsy  examination. 
He  says  the  alteration  of  the  lenticular  nucleus  was  almost  identical 
with  that  in  Wilson's  cases,  as  was  also  the  alteration  of  the  liver. 

He  quotes  Oulmont  as  saying  double  athetosis  is  a  primary  bilateral 
hemiathetosis,  almost  always  beginning  in  the  first  years  of  life,  usually 
with  idiocy.  Lewandowsky  believed  it  to  be.  more  than  bilateral  hemi- 
athetosis, but  on  account  of  deficient  power  of  dis.sociation  it  is  a  form 
of  generalized  but  not  identical  associated  movements.  There  is  a 
rhythmical  character  and  slowness  of  the  athetoid  movements,  spasmus 
mobilis,  strongly  influenced  by  emotion,  involvement  of  the  face,  lack 
of  dissociated  movements  in  the  face,  diplegia,  disturbance  of  reflexes 
and  a  positive  Babinski  reflex.  Often  there  are  contractures.  The 
irritative  motor  phenomena  may  persist  when  the  patient  is  quiet,  even 
in  sleep.  Imbecility  is  almost  constant,  but  many  authors  have  observed 
that  the  intelligence  is  intact. 

Thomalla  speaks  of  the  clinical  resemblance  of  his  case  of  torsion 
spasm  to  double  athetosis  and  says  Ziehen  and  Schwalbe  also  observed 
the  similarity  between  their  cases  and  athetosis.  Oppenheim  also 
accepted  a  relationship  between  these  two  disorders,  and  spoke  of 
transitional  cases.  The  relationship  has  been  recognized  also  by  Flatau, 
Sterling  and  others. 

Thomalla  points  out  that  the  Babinski  reflex  was  absent  in  Klemp- 
ner's  case  of  double  athetosis.  He  regards  his  case  as  a  transitional 
one  between  torsion  spasm  and  double  athetosis,  as  he  does  also 
Flatau's  and  Fischer's  cases,  lie  says  the  liver  in  A.  Westphal's  case 
of  pseudosclerosis  was  like  the  liver  in  his  own  case.  He  calls  atten- 
tion to  the  resemblance  between  torsion  spasm  and  Wilson's  pro- 
gressive lenticular  degeneration  in  the  muscular  rigidity  of  the  entire 
body,  including  the  muscles  of  mastication  and  speech ;  in  the  pre- 
dominance of  the  flexors  with  gradually  developing  flexor  contracture, 
etc.  The  resemblance  between  double  athetosis  and  Wilson's  type  is 
shown  by  the  muscular  rigidity,  the  gradual  development  of  contrac- 
ture, the  dysarthric  and  dysphagic  disturbances,  progressive  character, 
family  occurrence  and  psychic  disturbances. 
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He  discusses  the  resemblance  between  bilateral  athetosis,  pseudo- 
sclerosis, progressive  lenticular  degeneration  and  torsion  spasm.  In 
all  there  is  disturbance  of  tonus  shown  by:  spasms  in  double  athetosis 
and  torsion  spasm ;  muscular  rigidity  in  Wilson's  type  and  pseudo- 
sclerosis, differing  in  all  these  forms  from  spasms  of  pyramidal  tract 
origin ;  involuntary  movements,  disturbances  of  speech  and  swal- 
lowing in  all,  gradually  developing  contracture  of  the  limbs  in  all, 
even  to  complete  rigidity,  masklike  face  and  boardhard  abdominal 
muscles.  In  all  there  is  disease  of  the  lenticular  nucleus.  The  cases  of 
double  athetosis  with  pyramidal  tract  involvement  must  be  separated 
from  the  group.  Thomalla  proposes  for  the  whole  group  the  name 
of  dystonia  lenticularis.  He  says  as  yet  similar  findings  in  the  liver 
of  patients  with  double  athetosis  do  not  exist ;  perhaps  they  have  been 
overlooked;  perhaps  they  are  really  lacking.  In  all  the  groups  there 
is  absence  of  atrophy,  paresis,  electrical  alteration  or  pyramidal  tract 
symptoms.     In  many  cases  cerebral  cortical  changes  have  been  found. 

J.  Ramsay  Hunt  ^°  found  as  the  cause  of  juvenile  and  early  adult 
paralysis "agitans  progressive  atrophy  of  the  globus  pallidus,  consisting 
of  atrophy  and  diminution  in  number  of  the  motor  cells  of  the  globus 
pallidus,  the  basal  ganglion  of  Meynert,  and  especially  the  cells  of 
similar  type  scattered  through  the  caudate  nucleus  and  the  putamen 
(neostriatum).  The  evidences  of  cellular  atrophy  were  especially  well 
marked  in  the  large  cells  of  the  neostriatum.  There  was  a  correspond- 
ing increase  of  the  glia  nuclei  and  a  thinning  of  the  fibers  of  the  ansa 
system — striohypothalamic  radiations.  The  small  ganglion  cells  of  the 
neostriatum  were  intact  and  the  pyramidal  tracts  showed  no  signs  of 
atrophy  or  degeneration.  Hunt  found  no  essential  lesions  except  of 
the  corpus  striatum  in  juvenile  paralysis  agitans. 

CAUSE     OF     INVOLUNTARY      MOVEMENTS 

Striimpell  explains  tremor  and  athetosis  as  the  result  of  faulty 
innervation  of  the  muscles  which  fix  a  limb  in  any  position,  when  the 
agonistic  and  antagonistic  muscles  are  not  simultaneously  innervated 
to  the  normal  degree.  If  the  innervation  of  one  group  occurs  at  a 
different  time  from  that  of  the  other,  involuntary  movement  results ; 
tremor  if  the  alternate  innervation  is  regular;  athetosis  if  it  is  irregular. 
The  proper  innervation  of  the  agonistic  and  antagonistic  muscles  of  a 
part  which  permits  proper  fixation  of  the  part  is  called  by  Striimpell 
myostasia,  whereas  the  disturbance  of  this  innervation  so  that  steady 
fixation  is  impossible,  is  called  the  amyostatic  syndrome  or  myastasia. 
Paralysis,  ataxia,  spasm,  which  are  disturbances  of  muscle  movement, 
he  calls  in  distinction,  the  myodynamic  complex  or  the  pyramidal  tract 
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sytulroiiH'.  In  tlie  type  descrilR-d  l)y  Wilson  the  aniyostatic  syndrome 
is  especially  marked,  as  shown  by  tremor,  muscidar  rigidity,  ri>;idity 
of  expression,  and  other  symptoms. 

Struni]x'll  says  that  intestinal  symptoms.  dysix!|)sia,  diarrhea  and 
abdominal  pain  have  been  observed  only  in  the  pseudosclerosis  or 
the  type  described  by  Wilson.  This  discussion  by  Striimpell  is  inter- 
esting, but  giving  all  the  tyjies  the  name  of  aniyostatic  syndrome  does 
not  explain  why  they  occur.  This  question  has  puzzled  all  students 
of  the  subject.  Gowers  attributed  involuntary  movements  to  lesions  of 
the  basal  ganglions.  Von  Monakow  does  not  believe  tremor  is  causet! 
by  direct  irritation  of  the  pyramidal  tract.  He  believes  lesions  of  the 
corpus  striatum  cause  irritation  of  the  motor  cortex  and  that  from 
this  source  arise  the  impulses  for  choreiform  movement.  Wilson 
attributed  involuntary  movements  to  extrapyramidal  fibers,  such  as 
are  (1)  in  the  tract  from  the  nucleus  dentatus  through  the  suj)erior 
cerebellar  jx-duncle.  to  the  nucleus  ruber  of  the  opposite  side  and  from 
this  to  the  outer  part  of  the  thalamus  opticus  and  to  the  sensory  and 
motor  cortex.  Involvement  of  this  tract  must  cause  athetoid  and 
choreiform  movements. 

(2)  In  the  tract  arising  in  the  nucleus  lenticularis,  through  the-  ansa 
lenticularis  in  the  regio  subthalamica,  the  corpus  Luysii  and  the  nucleus 
ruber,  from  here  as  von  Monakow's  tractus  rubrospinalis  to  the  cells 
of  the  anterior  horn  of  the  spinal  cord. 

The  movements  are  supposed  to  occur  because  of  loss  of  corti- 
copetal  impulses  which  should  pass  to  the  cortex  through  the  cerebello- 
rubro-thalanio-cortical  tract.  Lesion  of  this  tract  anywhere  will  cause 
posthemiplegic  chorea  by  fireventing  the  inhibitory  impulses  from 
reaching  the  cortex.  This  view  is  confirmed  by  the  statement  of 
de\'ries  that  extirpation  of  motor  cortical  areas  in  those  with  hemi- 
paresis  and  choreo-athetoid  movements  causes  cessation  of  these  move- 
ments. Wilson  ascribes  the  tremor  to  a  destructive  lesion  of  the 
lenticulo-rubro-spinal  system.  On  account  of  the  loss  of  this  secon- 
dary motor  tract  the  normal  inhibiting  impulse  which  the  corpus 
striatum  exercises  over  the  anterior  horn  cells  of  the  spinal  cord  are 
lost.  The  uniform  innervation  of  the  anterior  horn  cells  is  thus  made 
impossible  and  stronger  impulses  pass  to  them  by  the  pyramidal  tract. 
Every  voluntary  movement  increases  the  tremor,  and  this  is  usually 
true  of  the  .Ttlictoid  and  choreiform  movements. 

Reprinlfd  from  the  Archix-es  of  S'eurology  and  Psychiatry 
Octflher.   l<^:0.   lol.  IV,  /•^  3rO-JtS6 
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PMII^DUJ'IIIA 

In  view  of  the  fact  that  there  is  no  atTection  of  any  cranial  or  spinal 
nerve  that  is  more  characteristic  or  more  easily  recognizjible,  anil 
scarcely  any  other,  nnless  it  be  invasion  of  the  optic  nervis,  that  is 
fi)lloweci  by  more  lamentable  results,  it  is  rather  remarkable  that  syphi- 
litic disease  of  the  eighth  nerve  had  apparently  attracte<l  but  little 
notice  amoiijj  American  and  luiglish  neurolojjists  until  cfunjwratively 
recent  years.  This  was  so  in  sj)ite  of  the  fact  that  Jonathan  Hutchinson 
iiad  called  attention  to  it,  and  had  even  made  it  one  of  the  triad  of 
^yniiuoms  in  hereditary  syphilis.  He  had  also  referred  to  absolute  deaf- 
ness cominj;  on  rapidly  in  secondary  syphilis,  usually  bilateral ;  but  he 
iiad  given  no  systematic  description  of  the  symjHoms  that  distinguish 
the  affection  of  the  cochlear  nerve  from  that  of  the  vestibular.  Gowers 
lias  an  inadequate  reference  to  the  subject ;  he  sjieaks  t)f  primary  degen- 
eration of  the  eighth  nerve  in  locomotor  ata.xia,  but  he  has  little  to  say 
about  acute  syphilis  of  the  acoustic  nerve.  The  older  American  text- 
books have  only  passing  allusions  to  the  subject.  Mills  gives  a  more 
complete,  but  condensed,  account.  He  refers  to  the  theory  of  Althaus 
that  the  vestibular  sutTers  more  than  the  cm-hlear  nerve  in  tabes,  due 
to  a  degenerative  prtKcss,  causing  vertigo. 

It  is  to  the  otologists  that  we  must  look  for  more  complete  work, 
because  the  subject  is  generally  assigned  to  them,  and  there  is  a  large 
bibliography.  West,  in  Power  and  Murphy's  "System,"  gives  a  good 
description  of  syphilis  of  the  internal  ear  and  auditory  nerve.  I  le  seems 
to  think  tliat  the  early  sudden  cases  are  due  to  labyrinthitis,  and  the 
late  tertiary  cases  to  meningitis  and  neuritis.  He  gives  a  long  bibliogra- 
phy.' Kosenstein,  in  1*X)5,  studied  the  changes  in  the  auditory  nerve, 
and  found  basilar  gimmiatous  meningitis.  In  Hazen's  recent  work  on 
".'syphilis"  the  chapter  on  the  ear  is  written  by  Dabney,  who  reviews  the 
subject  and  gives  many  references,  mostly  to  the  otologists  who  have 
written  on  it.  Foumier,  in  his  work  on  "Syphilis,"  has  a  short  chapter 
written  by  Hermet,  who  sj>eaks  of  the  rapidity  and  incurability  of 
syphilis  of  the  eighth  nerve,  some  cases  occurring  as  early  as  the  fifth 
.nid  sixth  months  after  the  primary  infection,  sometimes  accompanied 
with  ]>aralysis  of  the  seventh  nerve.  The  best  recent  review  of  the 
-ubject  in  luiglish.  of  which  1  have  knowledge,  is  by  Dr.  (i.  W.  M.ic- 
kenzie  of  Philadelphia,  in  a  paper  on  "Syphilis  of  the  Inner  Ear  and 
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I'.ighth  Nerve."  1  must  leave  to  the  otologists  their  own  field,  for  1  am 
writing  as  a  neurologist  and  largely,  but  not  entirely,  from  a  clinical 
standpoint. 

My  attention  has  been  called  anew  to  this  subject  by  the  recent 
occurence  of  early  and  striking  cases  in  hospital  practice.  This  may  be 
due  in  part  to  the  intensive  study  of  syphilis  of  the  nervous  system  which 
has  followed  upon  our  knowledge  of  the  spirochete  and  our  advanced 
laboratory  methods.  We  have  come  to  know  how  early  the  spirochete 
may  invade  the  central  nervous  .system,  and  we  are  naturally  on  the 
lookout  for  any  and  all  manifestations  of  it.  Cases  of  deafness,  tinnitus 
and  vertigo,  which  formerly  would  probably  have  been  promptly  sent 
to  the  otologist,  are  now  retained  by  the  neurologist  and  scrutinized  most 
closely.  This  is  proper  and  necessary,  because  few,  if  any,  of  these 
cases  are  strictly  otologic.  They  are  primarily  nervous  cases ;  the  lesion 
is  in  the  nervous  system;  and  the  involvement  of  the  eighth  nerve  is 
nearly  always  associated  with  other  well  marked  symptoms  of  nervous 
syphilis. 

CHARACTERISTICS   OF   SYPHILIS    OF   THE    EIGHTH    NERVE 

There  are  certain  characteristics  of  syphilis  of  the  eighth  nerve 
which  the  neurologist  .should  bear  in  mind,  particularly  as  he  is  quite  as 
likely  as  the  otologist  or  syphilologist  to  see  these  cases  in  their  earliest 
stage. 

First,  the  onset  may  occur  early  in  the  secondary  stage,  .sometimes 
very  eacly;  and  even  before  the  secondary  stage,  if  we  are  to  believe 
Pollitzer,  who  claimed  that  he  saw  a  case  seven  days  after  infection. 
Randall  saw  a  case  in  which  deafness  occurred  four  weeks  after  an 
infected  needle-wound  of  the  finger.  Other  writers  speak  of  its 
early  appearance,  and  this  has  been  true  in  my  own  observation,  the 
disorder  showing  itself  in  a  few  months. 

Second,  suddenness  of  onset  and  rapidity  of  course  are  sometimes 
striking.  The  patient  may  become  deaf  in  a  few  days.  Herniet  spoke 
of  "surdite  foudroyant."  Dabney  says  that  "'.sudden  loss  of  hearing, 
generally  with  tinnitus,  no  pain,  no  evidence  of  middle-ear  disease,  in 
a  young  adult  otherwise  healthy,  .should  be  regarded  as  almost  certainly 
indicative  of  syphilitic  disease  of  the  eighth  nerve  or  labyrinth."  This 
tinnitus  is  usually  marked  and  most  distressing,  even  keeping  the  patient 
awake  at  night.  It  is,  of  course,  evidence  of  involvement  of  the  cochlear 
nerve. 

Third,  the  disease  is  usually  bilateral,  seldom  vniilateral,  as  Hutchin- 
son pointed  out. 

Fourth,  there  may  be  a  cranial  polyneuritis,  the  seventh  nerve 
especially  being  paralyzed  with  the  eighth.  Sometimes  the  second, 
third,  and  fifth,  one  or  all,  are  involved.    Nonne  and  others  have  called 


attention  to  this  fact  as  evidence  that  the  atfection  is  primarily  a  liasikir 
meningitis,  not  a  labyrintliitis  as  some  of  the  older  otologists  taught. 
As  evidence  that  we  are  dealing  with  a  Ijasilar  syphilitic  meningitis  i>. 
the  fact  that  Mvcre  headache,  with  high  lymphocytosis  of  the  spina' 
fluid,  may  precede  or  accompany  the  neuritis.  But  this  apparently  i> 
not  so  in  all  cases. 

Fifth,  the  two  divisions  of  tiie  eighth  nerve  may  not  l)e  equally 
involved.  The  cochlear  in  one  case,  the  vestibular  in  another,  may  be 
the  more  afTectetl.  This  is  in  accord  with  the  well-known  selective 
.•iction  of  syphilis.  The  vestilmlar  nervi-  sin  mid  always  be  tested  by  the 
Harany  methods. 

Finally,  the  disease  may  be  incurable,  causing  complete  deafness  in 
a  short  time. 

THE  COCHLEAR   AND  VESTIBLLAR   NERVES.  THE  SO-CALLED  ROtJTS  OF  THE 

EIGHTH   NERVE 

It  is  to  be  borne  in  mind  that  the  eighth  nerve,  although  usually 
described  by  anatomists  as  one  nerve  with  two  branches,  is  really  two 
distinct  nerves,  each  with  its  own  ganglion  of  origin,  its  own  nerve 
trunk,  and  its  own  sei^arate  and  distinct  course  and  distribution  in  the 
central  nervous  sy.stem.  For  a  part  of  their  course  these  two  nerve- 
trunks  are  IhiuikI  together  (iti  the  internal  au<litory  meatus)  so  that 
they  apfiear  as  one  nerve,  but  before  entering  the  brain-stem  ihey 
separate,  and  form  the  so-called  roots  of  the  eighth  nerve — but  they  are 
not  roots  in  any  true  sense,  l)ccause.  like  all  sensory  neurons,  these  have 
their  ganglions  of  origin  outside  of  the  central  nervous  system.  The 
cochlear  nerve  arises  in  the  ganglion  spirale,  or  ganglitm  of  Corti,  within 
the  labyrinth ;  the  vestibular,  in  the  ganglion  of  ScarjM,  which  is  locate<l 
within  the  internal  auditory  meatus.  The  fact  that  these  two  so-called 
r<H>ts  are  distinct  before  entering  the  brain-stem,  explains  how  they  can 
he  separately  affected  in  syphilitic  meningitis.  The  fact  that  the  eighth 
nerve  has  no  neurilemma  (hence  called  the  jxirtio  mollis)  may  explain 
its  vulnerability  to  the  spinn-hete.  an<l  the  extreme  rapidity  of  the 
destructive  action. 

Disease  of  the  cochlear  mivi-  i.uisfs  lU-ullK■s^  o|  various  gra<lc>. 
which  is  to  be  determined  by  tests  made  by  the  otologists.  It  has  liecn 
claimed  by  .some  that  alx>lition  of  the  very  high  and  very  low  notes, 
with  preservation  of  the  intermediate  notes,  hence  allowing  the  hearing 
of  a  conversational  tone,  is  (|uite  characteristic.  This  was  preseiU  in 
one  of  my  ca.ses;  but  Mackenzie  denies  that  it  is  conmion.  an<l  says 
ihat  various  notes  are  alKtlished  in  various  cases.  Appropriate  tests  arc 
likely  to  show  im|Kiirment  of  lK>ne  conduction.  It  is  necessary  to 
exclude  disease  of  the  middle  ear. 


The  vestibular  nerve  presides  over  equilibration,  and  its  central  con- 
nections are  with  nuclei  in  the  brain-stem,  from  which  by  a  second  relay 
of  neurons  its  ultimate  connections  are  made,  especially  with  the  cere- 
bellum and  the  nuclei  in  the  midbrain.  Vertigo  and  nystagmus,  which 
are  normal  reactions  on  turning  and  douching,  are  variously  aflfected,  as 
can  usually  be  demonstrated  by  the  Barany  tests.  Clinically,  these 
patients  may  have  various  forms  or  degrees  of  vertigo,  but  in  my  obser- 
vation staggering  gait  is  not  common. 

I  do  not  attempt  here  to  describe  tests  and  reactions  in  detail,  for 
this  province  belongs  to  the  otologist,  whose  cooperation  is  always 
essential  in  a  proper  study  of  these  cases.  I  Ijelieve,  hcjwever,  it  is 
necessary  to  be  on  guard  against  hasty  conclusions  as  to  the  localizing 
value  of  the  Barany  tests.  In  my  observation  these  tests  in  these  cases 
are  mainly  valuable  in  showing  alteration  or  complete  abolition  of  the 
normal  vertigo  and  nystagmus  on  turning,  the  inference  being  that  the 
nerve  trunk  is  implicated. 

It  is  not  to  be  denied  that  there  may  be  a  true  syphilitic  labyrinthitis. 
Some  otologists  seem  to  have  held  that  this  was  the  common  pathology, 
especially  in  the  early  acute  cases.  It  may  be  so  also  in  the  hereditary 
cases,  in  which  the  bone  also  may  be  diseased.  The  distinction  between 
disease  of  the  labyrinth  and  disease  of  the  nerve  is,  I  understand,  not 
an  easy  one,  and  it  is  a  problem  for  the  ear  .s])ecialist  rather  than  for 
the  neurologist;  but  there  is  little  doubt,  for  reasons  which  I  have 
already  given,  that  the  meninges  and  nerve  trunk  are  the  seats  of  the 
disease  in  many  cases,  if  not  in  the  majority. 

The  following  case  may  serve  as  an  example  of  the  fulminating  ty[>e 
of  this  disea.se : 

REPORT  OF   CASES 

Case  1. — A  negro.  30  years  old.  had  been  treated  in  tlie  venereal  wards  of 
the  Philadelphia  General  Hospital  in  June,  1917.  for  a  chancre  and  secondary 
eruption.  At  this  time  he  had  received  one  dose  of  arsphenamin.  He  had  later 
a  syphilitic  iritis,  but  there  is  no  record  of  any  nervous  symptoms  at  this  time. 
He  left  the  hospital  and  returned  to  his  work,  but  about  two  months  later  he 
was  taken  with  a  severe  frontal  headache,  which  forced  him  to  return  to  the 
hospital.  The  headache  was  the  only  complaint.  The  right  pupil  was  rigid,  the 
result  of  the  iritis ;  the  left  was  sluggish.  The  cranial  nerves  were  normal.  The 
knee  and  Achilles'  refle-xes  were  much  diminished,  but  there  was  no  ataxia 
or  swaying.  .As  a  routine  measure  the  hearing  was  tested;  no  deafness  was 
observed.  Both  the  blood  and  cerebrospinal  fluid  were  strongly  positive,  and 
there  was  a  very  high  lymphocytosis.  He  was  given  mercurial  inunctions  and 
■several  doses  of  arsphenamin.  In  October  the  report  from  the  ear  clinic  stated 
that  hearing  was  normal ;  late  in  November,  however,  the  hearing  was  slightly 
impaired,  but  the  drum  membranes  were  normal.  Under  treatment  the  headache 
entirely  disappeared,  and  the  blood  became  negative;  the  spinal  fluid  remained 
positive,  though  the  cell  count  was  much  reduced.  Toward  March  the  man 
eloped   from  the  hospital  and  was  gone  several  weeks,  when  he  returned.     In 
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that  short  interval  he  had  become  very  deaf,  to  such  a  degree  that  it  was 
ilifliciilt  to  s|)eak  with  him.  He  complained  much  of  loud  tinnitus.  The  report 
Ironi  the  car  chnic  stated  that  in  tlic  right  ear  the  involvement  seemed  to  l>c 
confined  to  the  labyrinth,  but  in  the  left  ear  the  indications  were  that  the  lesion 
was  ill  the  course  of  the  nerve.  Barany  tests  were  not  made,  but  the  patient 
ha<l  no  \ertigo  or  staggering.  Active  treatment  did  not  relieve  the  deafness, 
which  indeed  increased  until  in  a  short  time  it  was  practically  complete.  There 
was  a  smoothing  out  of  the  face  and  brow  on  the  left  side,  due  to  slight  paresis 
iif  the  .seventh  nerve. 

The  Baraiiy  test.s  may  give  interesting  results  in  some  of  these  ca.scs, 
as  the  following  instance  shows.  It  also  shows  bilateral  seventh  nerve 
palsy,  which  in  itself  is  a  rarity. 

Cask  2. — The  patient,  a  colored  man,  aged  23.  had  a  primary  sore  in  Septem- 
ber, 1918.  He  was  admitted  in  October  to  the  venereal  wards  of  the  Phila- 
delphia (icneral  Hospital,  where  he  was  given  two  doses  of  arsphcnamin ;  he 
left  the  hospital  against  advice  on  December  1.  Three  weeks  later  (or  about 
three  months  after  the  appearance  of  the  chancre)  he  began  to  have  severe 
and  persistent  headache,  accompanied  with  vertigo  and  tinnitus  in  both  cars. 
He  was  readmitted  to  the  hospital  in  January,  when  it  was  observed  that  he 
had  paralysis  of  both  facial  nerves,  more  marked  on  the  left.  Other  cranial 
nerves  were  not  involved  (with  the  exception  to  be  noted)  nor  was  there  any 
impairment  of  the  spinal  cord,  but  the  Achilles'  reflex  on  the  left  side  was 
abolished.  The  pupillary  responses  were  normal;  there  was  no  optic  neuritis. 
The  VVassermann  tests  of  the  blood  and  spinal  fluid  were  positive,  and  the  cell 
Count  was  as  high  as  780.  He  received  six  doses  of  arsphenamin  up  to  March. 
1919.  The  positive  but  shortened  Rinne's  test,  with  loss  of  intermediate  notes, 
pointed  strongly  to  involvement  of  the  nervous  mechanism;  but  the  patient  heard 
ordinary  conversation.  Dr.  Lewis  Fisher  reported  total  absence  of  response 
after  douching  and  turning,  which  would  indicate  a  lesion  of  the  eighth  nerve 
(vestibular  division) ;  but  a  definite  presence  of  vertigo  after  turning,  as  well 
as  a  preservation  of  a  fair  amount  of  hearing  on  both  sides,  showed  that  the 
eighth  nerves  were  not  involved  in  their  entirety.  Dr.  Fisher  suggested  a 
bilateral  lesion  of  the  brain-stem  on  the  mesial  aspect  of  Deiters'  nucleus,  thus 
.illowing  the  escape  of  the  fibers  for  vertigo  and  most  of  the  auditory  fibers; 
but  the  involvement  of  both  seventh  nerves  was  against  this  view,  for  it  clearly 
indicated  a  peripheral  lesion  of  the  so-called  roots  of  the  eighth  nerves, 
especially  the  vestibular,  along  with  the  seventh  nerves,  in  a  syphilitic  menin- 
gitis. As  already  said,  it  is  quite  conceivable  that  these  two  roots  may  not 
l>e  equally  involved  in  a  meningitis.  It  is  noteworthy  that  this  patient's  seventh 
and  eighth  nerve  involvement  showed  itself  three  months  after  the  primary 
lesion,  and  after  he  had  received  tv/u  doses  of  the  arsenical  drug. 

The  following  case  is  of  esjiecial  iinp<irtance  because  it  is  the  only 
case  in  the  series  in  which  it  was  po.ssible  to  examine  the  eighth  nerve 
inuler  the  microscojie.  It  is  also  of  mtich  clinical  interest.  As  in  the 
two  preceding  cases,  the  patient  was  ttnder  observation  from  the  time 
of  the  initial  lesion. 

Case  3. — The  patient,  a  white  man,  aged  48,  was  admitted  to  the  venereal 
wards  in  .September.  1918.  with  a  primary  sore.  He  received  five  doses  of 
arsphenamin.     In  March.  1919  (six  months  after  the  primary  sore),  he  began 


to  have  a  staggering  gait,  which  caused  him  to  fall  to  the  left.  Trouble  with 
hearing  had  commenced  earlier  in  the  right  ear,  in  which  he  had  become 
quite  deaf;  later  the  left  ear  failed.  There  was  loud  tinnitus.  The  blood 
Wassermann  reaction  was  reported  negative,  but  the  spinal  fluid  was  +  +  +  +  ■ 
The  cell  count  was  910.  There  was  complete  abolition  of  the  left  Achilles' 
jerk,  just  as  in  the  other  case  (an  odd  coincidence).  A  low-grade  double 
optic  neuritis  was  present,  but  the  pupils  acted  normally.  The  frontalis  muscle 
on  the  left  was  smoothed  out.  All  the  other  cranial  nerves  were  normal.  Dr. 
Fisher  found  that  the  right  labyrinth  was  completely,  the  left  partly,  involved. 
There  were  no  reactions  to  turning  or  douching.  The  case  seemed  to  be  a 
clear  one  of  peripheral  involvement,  that  is.  of  the  labyrinths  and  eighth  nerves 
in  both  divisions.  The  earliest  symptoms  appeared  in  less  than  six  months 
after  the  primary  sore.  This  man  was  taken  with  acute  appendicitis  and 
died.  Under  the  microscope  the  eighth  nerves  were  seen  to  have  been  affected, 
as  shown  in  the  following  report. 

Xeurofathologic  Report  (by  Dr.  N.  W.  Winkleman). — Pathologic  study  was 
made  of  sections  from  representative  areas  of  the  cerebrum,  cerebellum,  pons, 
medulla,  spinal  cord  and  the  eighth  nerves.  The  stains  used  in  this  study  were : 
a  hematoxylin-eosin,  Weigert's  myelin  sheath  stain,  Mallory's  phosphotungstic- 
acid-hematoxylin  and  Alzheimer-Mann. 

The  cerebrum  and  cerebellum  are  normal,  especially  in  so  far  as  syphilis  is 
concerned.  The  pons  is  negative.  In  the  medulla  there  is  seen  a  round  cell 
inliltration  (lymphocytes)  in  the  nucleus  vestibularis  lateralis  (Deiters')  with 
fatty  degeneration  of  the  nerve  cells  of  this  nucleus  on  the  right  side.  The 
membranes  are  normal.     The  spinal  cord  is  negative. 

Both  eighth  nerves  show  some  swelling  and  tortuosity  of  the  axis  cylinders,  as 
seen  in  longitudinal  section,  with  some  dropping  out  of  axis  cylinders  as  seen 
in  cross  section.  There  are  present  within  the  nerves  large,  round,  vesicular, 
pale  staining  nuclei  with  irregular,  indefinite,  pale,  acid-staining  cytoplasm — in 
all  resembling  glia  cells,  and  in  places  fibers  are  seen  coming  off  the  cytoplasm. 
Besides  these  there  is  present  another  type  of  cell :  a  long,  narrow,  heavier 
staining  nucleus  with  a  definite  outline  to  its  rather  meager  cytoplasni — a  so- 
called  sheath  cell.  At  certain  places  within  the  nerves  is  seen  a  slight  but  definite 
lymphocytic  infiltration.  Amyloid  bodies  are  present  to  excess.  Around  some 
of  the  vessels  within  the  nerves  are  a  few  plasma  cells  with  many  lymphocytes. 
The  sheath  of  the  nerves  shows  a  very  definite  though  not  very  heavy  infiltra- 
tion with  lymphocytes. 

Diagnosis ;  Syphilis  of  both  eighth  nerves  with  involvement  of  Deiters' 
nucleus  on  the  right. 

The  following  case,  which  occurred  in  the  service  of  Dr.  Ciiarles  S. 
Potts,  showed  improvement  under  treatment  with  neo-arsphenamin  (five 
doses )  and  mercurial  inunctions.    It  was  a  late  tertiary  case. 

Case  4. — A  white  man.  aged  56,  began,  one  month  before  admission  to  the 
hospital,  to  have  deafness,  with  vertigo  and  tinnitus  in  both  ears.  He  also  had 
impaired  sight  in  the  right  eye  and  slight  paresis  of  the  right  seventh  nerve. 
There  was  a  history  of  a  primary  sore  fourteen  years  before.  The  left  pupil 
was  sluggish  and  irregular,  the  right  inactive  to  light.  Sight  was  much 
impaired.  The  right  optic  disk  was  much  congested,  with  blurred  margins. 
The  Barany  tests  revealed  horizontal  nystagmus  to  the  left,  four  seconds ;  to 


(lie  right,  four  seconds.  The  tests  of  the  blood  and  spinal  fluid  were  positive 
on  two  examinations,  but  the  ctrll  count  was  low.  hnprnvemcnt  was  rapid 
under  treatment.  There  was  return  of  function  of  the  vestibular,  as  well  as  of 
the  cochlear,  nerve.  When  discharKcd,  the  man  could  hear  and  sec  fairly  well. 
It  is  noteworthy  that  this  was  a  tertiary  case  uf  long  standing  and  that  there 
was  no  lymphocytosis.  This  probably  puts  it  in  a  separate  class  from  the 
acute  cases,  already  described,  coming  on  in  the  early  secondary  stage,  with 
headache  and  high  lymphocytosis,  indicating  a  rapi<l  and  acute  involvement  of 
the  meninges. 

Case  5. — Another  patient  in  Dr.  TolLs'  ward.s  was  a  negro,  aKcil  J8,  who  had 
l)ecome  deaf  rapidly,  and  who  also  had  paralysis  of  the  right  .seventh  nerve. 
The  pupils  were  irregular  and  sluggish.  The  clinical  notes  are  not  very  full, 
as  it  was  almost  impossible  to  communicate  with  the  patient,  and  he  soon  began 
to  show  mental  symptoms,  for  which  he  was  transferred  to  the  department  for 
the  insane.  No  history  of  a  primary  sore  could  be  elicited;  the  lalmratory 
reports  for  blood  and  spinal  fluid  were  negative,  but  there  was  a  high  lympho- 
cytosis. He  may  have  had  a  syphilitic  psychosis.  The  onset  of  rapid  and  com- 
plete deafness  in  a  young  aduh,  with  tinnitus,  without  obvious  cause,  and 
without  disease  of  the  middle  ear  is,  as  Dabney  pointed  out,  significant  of 
syphilis;  and  I  may  add  that  this  is  especially  true  if  there  is  also  a  paralysis 
of  the  seventh  nerve. 

Case  6. — This  patient's  condition  was  of  five  years'  duration.  He  was  a 
white  man,  31  years  old.  He  had  bilateral  seventh  and  bilateral  eighth  nerve 
paralysis  and  anesthesia  on  the  right  side  of  his  face.  The  blood  reaction 
had  been  reported  several  times  as  strongly  positive.  He  had  come  and  gone 
to  and  from  the  hospital  four  or  five  times ;  consequently  the  course  of  symp- 
toms had  not  been  accurately  traced.  His  condition  was  evidently  incurable, 
and  illustrated  the  lamentable  fate  ot  a  patient  with  this  syphilitic  syndrome. 
He  was  almost  intally  deaf,  with  paralysis  and  contractures  of  both  sides  of 
his  fact 

EFFECTS  OF  ARSPHKNAMIN    ON    SYI'HILIS  OF  THE   EIGHTH    NERVE 

In  discussing  this  affection,  the  subject  of  neurorecidivus,  or  the 
.spinal  Huid  changes  in  neurosyj)hilis  caused  by  a  provocative  dose  of 
arsplienainin,  inevitably  occurs  to  the  mind.  The  lir.st  three  of  the 
foregoing  series  of  cases  suggest  this  possibility.  Another  thing  to  be 
considered  is  the  possible  injurious  action  of  the  drug  itself  directly 
on  the  nerves.  This  ciiarge  has  been  tiiade,  against  this  arsenical  prep- 
aration not  only  in  the  case  of  the  eighth  nerves,  but  also  in  the  case 
of  the  optic  nerves.  When,  however,  it  is  considered  what  a  large 
number  of  iitjections  of  arsphcnamin  are  being  given  every  day,  and 
what  a  comparatively  small  number  of  such  complications  occur,  the 
inference  that  the  drug  is  the  cause  is  hardly  warranted.  Mackenzie 
criticizes  the  statement,  made  by  some  observers,  that  this  affection  of 
the  eighth  nerve  has  been  cau.sed  by  arsphcnamin,  and  combats  it.  He 
believes  that  such  ca.ses  are  instances  in  which  the  treatment  has  not 
been  sufticicntly  active.  In  the  discussion  of  a  jMtjxr  by  Klauder  on 
this  provocative  action  of  arsphenamin,  read  l)efore  the  Phila<lelphia 
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Neurological  Society  recently,  Solomon  said  that  Crockett,  of  the 
Massachusetts  Eye  and  Ear  Infirmary,  had  made  a  study  of  syphilitic 
nerve  deafness  before  the  arsphenamin  era  and  after,  and  found  the 
incidence  about  the  same,  if  anything  a  little  less,  since  the  use  of  this 
drug.  The  absence  of  the  Achilles'  reflex  on  one  side  in  two  of  the  cases 
is  noteworthy  in  this  connection.  Beeson  '  in  a  recent  paper  refers  to 
abolition  of  the  Achilles'  reflex  as  a  danger  signal  in  treatment  with 
arsphenamin.     It  may  indicate  a  peripheral  neuritis  due  to  arsenic. 

Under  the  microscope  the  appearance  of  the  tissue  is  distinctly  that 
of  syphilis,  as  shown  by  the  lymphocyte  infiltration ;  but  there  is  also 
the  appearance  of  alteration  of  the  nerve-fibers  which  is  at  least  sug- 
gestive of  the  action  of  a  poison. 


1.  Beeson,  B.  B. :   Polyneuritis   Plus  Dermatitis   Exfoliativa  Following  Neo- 
Arsphenamin,  Arch.  Dermat.  &  Syph.  2:337  (.Sept.)    1920. 


Reprinted  from  the  Archives  of  Seurology  and  Psychiatry 
May.  1921,  Vol.  V,  pp.  572-579 


Copyright,   1921 

AuSRicAN    Medical  Association 

Five  Hundred  and  Thirty-Five  North  Dearborn  Street 

CHICAGO 


A     CLlxNlLUl'ATllOLUC.lC     STLDV     UK     ACUTE 
AND    CHRONIC    CHOREA* 

r.FORGK    WILSON,    M.D..    and    N.    VV.    WINKKLMAN,    M.D. 

i'lllLADELPIIIA 

Our  main  object  in  presenting  this  paper  is  to  report  the  pathologic 
findings  in  two  cases  of  chorea,  one  of  the  acute  ami  one  of  the  chronic 
variety.  Until  recent  years  the  pathology  of  these  two  conditions  has 
been  elusive,  and  even  today  we  do  not  have  a  clear  conception  of  the 
underlying  anatomic  changes  of  the  choreas ;  this  is  especially  true  of 
Sydenham's  choreji. 

Until  Marie  and  Tretiakoff,  in  1920,  reported  their  case  of  Syden- 
ham's chorea  there  was  practically  no  known  pathology  in  this  condition 
so  far  as  the  nervous  system  was  concerned.  These  writers  described 
in  their  case  findings  identical  with  those  seen  in  patients  who  died  of 
epidemic  encephalitis.  In  fact,  as  one  reads  the  rejx)rt  of  Marie  and 
Tretiakoff  one  wonders  wliether  their  case  was  not  one  of  the 
choreiform  type  of  encephalitis. 

(Jne  of  us  saw  a  case  in  the  winter  of  1920-1921  which  he  diagno.sed 
as  a  severe  case  of  Sydenham's  chorea  in  a  boy  of  14,  who  later  in  the 
course  of  his  disease  developetl  lethargy  and  other  typical  signs  of 
encephalitis  from  which  he  made  a  complete  recovery.  Had  this  jiatient 
died  in  the  first  stage  of  the  infection,  he  would  have  been  considered 
as  having  had  Sydenhjun's  chorea,  and  yet  the  outcome  proved  beyond 
a  doubt  that  it  was  a  case  of  epidemic  ence])halitis.  As  further 
evidence  that  Marie  and  Tretiakofl's  case  was  not  one  of  acute  chorea 
may  be  mentioned  the  fact  that  there  were  no  signs  of  endocarditis. 

The  |H)ssible  relation  between  chorea  and  encephalitis  has  been  (li>- 
CHssed  by  llarvier  and  l.evaditi.  whose  conclusions  are:  "1.  Certain 
acute  febrile  choreas  are  brought  about  by  the  virus  of  encephalitis. 
2.  It  is  not  yet  proved  that  aJl  acute  febrile  choreas  are  due  to  this 
agency." 

REPORT     OF     CASKS 

Case  1.-  Ilislory.—A  patient  with  Sydeiihani".s  chorea  was  admitted  to  the 
medical  service  of  the  hospital  of  the  University  of  Pennsylvania  on  July  4. 
1920.  and  was  assigned  to  the  service  of  Dr.  .Alfred  Stengel. 

The  patient  was  under  the  care  of  Drs.  StenRci  and  Wolferth.  and  we  arc 
indebted  to  these  Kentlemen  for  the  privilcfte  of  rciK>rlint;  this  case,  and  for 
the  nse  of  the   pathologic  material  obtained   from   it. 

On  June  19,  1920.  the  patient,  who  was  a  girl,  12  years  of  age.  began  to 
have  involuntary  jerkings  of  the  upper  extremities.     Two  or  three  days  later 


*  From  the  neurological  service  and  neuropathologic  laboratory  of  the 
Philadelphia  General  Hospital,  and  from  the  .'School  of  Mi-dii-ine  of  the  I'ni- 
versity  of  Pennsylvania. 

•Read  by  title  at  the  Korly-F.ighth  .Annual  Meeting  of  the  .American 
Neurological  Association.  Washington.  D.  C.  May.  '022. 


the  movements  involved  the  head  and  the  tongue  and  then  the  lower  extremi- 
ties. At  the  time  of  her  admission  to  the  hospital  she  could  not  talk  and  was 
confined  to  bed.  Physical  examination  revealed  a  well  nourished  child  with 
typical  choreiform  movements  involving  all  four  extremities,  the  trunk,  the 
head  and  the  tongue.  A  systolic  murmur  was  heard  at  the  mitral  and  pul- 
monic areas.     The  blood  examination   showed  an   eosinophilia  of  6  per  cent. 


Fig.   1   (Case  2). — Horizontal  section  of  hemispheres,  showing  dilatation  of 
ventricle  and  atrophy  of  caudate  and  lenticular  nuclei. 


For  six  days  following  Iier  admission  her  tcniperaUirc  was  at  or  near  nor- 
mal, but  after  that  it  showed  some  variations,  the  temperature  going  as  high 
as  101  to  102  F.,  and  even  as  high  as  105  degrees  before  death. 

Necropsy  Examination. — This  revealed  vegetations,  semisoft  but  well  attached 
on  the  auricular  side  of  the  mitral  leaflets.  These  vegetations  averaged  1  to 
2  mm.  in  size.    All  the  other  valves  were  normal.     A  thorough  and  systematic 


examination  was  made  uf  the  brain  with  special  reference  to  the  basal 
ganglions.  In  this  study  the  toluidin  blue,  Weigert;  phosphotungstic  acid 
hematoxylin,  Alzheimer-Mann,  Marchi,  Bielschowsky  and  hematoxylin  and 
eosin  stains  were  used.  It  is  entirely  proper  to  state  at  this  point  that 
absolutely  no  changes  were  found  in  the  brain  that  could  not  be  attributed  to 
the  acute  febrile  condition  from  which  the  patient  suffered  for  sonic  days 
before  death.  No  changes  were  found  which  in  any  way  approached  the  find- 
ings which  Marie  and  Trctiakoflf  described  in  their  case  of  Sydenham's  chorea, 
a  case  which  was  probably  one  of  epidemic  encephalitis. 


Fig.  2  (Case  Z). — Basal  ganglions.  Note  atrophic  striatum,  caudate 
nucleus  and  putamcn  and  absence  of  intcrnuclear  fibers.  Xc.  indicates  the 
caudate  nucleus:  I'lit..  the  putamen ;  Thai.,  the  thalamus.    Weigert  stain. 


Case  2. — History. — The  case  of  chronic  chorea  which  we  have  to  rciKjrt  is 
that  of  a  man  who  was  a  patient  in  the  Philadelphia  Hospital  for  some  years. 
He  die<l  on  the  service  of  Dr.  T.  H.  Weiseiiburg,  and  we  are  deeply  indebted  t<i 
him  for  the  courtesy  which  he  has  extended  in  iierniitting  us  to  n.se  this  valu- 
able  case. 

A  white  man,  52  years  of  age,  was  admitted  to  the  Philadelphia  Hospital 
on  Jan.  25.  1905,  and  died  on  March  .1,  1917.  His  family  history  is  one  show- 
ing a  marked  degenerative  defect  as  eight  of  his  IiKkuI  relations  have  ha<I 
Huntington's  chorea;  other  members  of  the  family  have  l>een  insane.  The 
man's  choreiform  movements  began  in  1910,  and  shortly  afterward  he  l)egan 
to  show  mental  symptoms,  chiefly  those  of  a  simple  dementia.  The  chorei- 
form movements  affected  his  entire  body,  and  involved  to  a  marked  degree 
the  muscles  of  his  trunk  and  pelvis.    His  gait  was  rendered  extremely  bizarre 


by  these  movements,  the  unusual  thing  in  his  gait  being  a  series  of  bowing 
movements.  Some  considered  this  a  case  of  dystonia  musculorum  deformans. 
Xecropsy  Examination. — The  brain  appeared  to  be  what  we  have  chosen  to 
call  "paretic  looking."  The  cerebrum,  cerebellum,  brain  stem  and  spinal  cord 
were  smaller  than  normal.  The  convolutions  were  atrophic  and  the  fissures 
widened,  this  being  especially  evident  over  the  frontorolandic  areas.  The 
pia-arachnoid  was  everywhere  thickened,  but  to  a  more  marked  degree  over 
the  anterior  half  of  the  lirain  where  it  concealed  the  underlying  structures 
by  its  opacity.     Decortication  could  be  performed  without  tearing  the  cortex. 
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Fig.  3  (Case  2). — Putamen,  showing  typical  astrocytes,  B.  Phosphotungstic 
acid  hcniato-xylin  stain ;  X  368. 

Cross  section  of  the  1)rain  in  the  usual  matmer  showed  that  the  ventricles 
were  dilated  (Fig.  1)  and  that  the  basal  ganglions  were  small  in  proportion 
to  the  rest  of  the  brain.     The  cortex  was  visibly  narrowed,  especially  anteriorly. 

The  microscopic  method  of  examination  included  large  sections  from  dif- 
ferent areas  of  the  cerebrum,  brain  stem,  cerebellum,  spinal  cord  and  serial 
sections  through  the  basal  ganglions  and  hypothalamic  region.  The  stains 
used  were  the  same  as   in  the  preceding  case. 

The  Cortex. — Weigert  stain  showed  atrophic  convolutions  separated  by 
widened   fissures   and   a   narrow   cortex   with   loss   of   manv   of  the   myelinated 


fillers  in  all  layers,  most  noticeable  anteriorly.  Willi  toluidin  lilue  the  cyto- 
architecture  was  profoundly  altered,  so  much  so  that  the  normal  relationship 
could  not  be  recognized.  An  occasional  Betz  cell  remained  to  identify  the 
motor  area.  The  ganglion  cells  throughout,  hut  especially  in  the  fronto- 
rolandic  cortex  were  decreased  in  number,  and  disease<l.  Tho.se  which  remained 
exhibited  various  forms  of  acute  and  chronic  cell  change,  such  as  simple 
chromatolysis,  axonal  degeneration,  Nissl's  severe  cell  disease  and  atrophy. 
The  silver  impregnation  stains  confirmed  the  findings  obtained  with  toluidin 
blue.     The   vessels   were   not   increased    in   number,   but   they    showed   distinct 


I'lg.  4.-  -Normal  putaincn.    .Note  satcllitosis  around  large  ganglion  cells  at  .-f. 
I'oluidin  blue;  X  57.     (Use  hand  lens.) 


sclerosis  and  hyaline  degeneration;  for  the  most  part  the  pcriva.MuUi  spaces 
were  dilated,  containing  only  the  products  of  brain  degeneration  which  at 
lirst  glance  simulated  the  cuffing  with  lymphocytes  and  plasma  cells  found  in 
paresis,     (ilia  cells  were  increased  in  number. 

The  pia-arachnoid  showed  distinct  thickening,  due  to  a  connective  tissue 
proliferation  and  containing  within  its  meshes  cells  which  on  differential  stain- 
ing proved  to  l)e  gitter  cells  with  a  tendency  to  agglutinate  in  the  region  of 


fissures  and  about  the  vessels.  Amyloid  bodies  were  present,  especially  in 
the  outer  layers  of  the  cortex  and  in  relation  to  the  ventricles,  showing  that 
there  was  a  slow  degenerative  process  going  on.  Although  sought  for,  no 
foci  of  degeneration  were  found  as  described  by  Klelis,  Oppenheim  and  Hoppe, 
Marie  and  Lhermilte  and  others ;  nor  were  plaques  found  such  as  are  seen 
in  senile  dementia  and  at  times  in  senility.  The  central  white  substance 
showed  atrophy  of  the  projection  system  of  the  cortex  with  replacement  by 
neuroglia  fibers  arranged  similarly  to  the  destroyed  fibers,  showing  that  the 
process  had  taken  place  slowly. 
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Fig.  5  (Ca.se  2). — Caudate  nucleus.  Note  intense  glial  inliltralioii.  Phospho- 
tungstic  acid  hematoxylin  stain ;  X  57. 

The  Cerebellar  Syslein. — In  the  study  of  large  sections  of  the  cerebellum, 
including  serial  sections  of  the  dentate  nucleus,  nothing  of  note  was  found 
except  a  smallness  of  all  the  structures.  There  were  no  areas  of  softening. 
The  pontile  nuclei,  red  nuclei  and  olives  were  intact. 

The  Central  Ganglions. — As  shown  in  Figure  2,  with  the  Weig;rt  stain  there 
was  marked  atrophy  of  the  central  ganglions,  particularly  of  the  caudate  and 
lenticular   nuclei.      As   can   be   seen,   the   caudate    was   distinctly    shrunken ;    the 


piitamen  was  apparently  more  involved  than  tlic  i;lobus  pallidus.  The  thalamus 
was  relatively  intact.  The  internal  capsule  stained  well,  showing  no  areas  of 
defeneration,  and  its  dimensions  were  in  proportion  to  the  size  of  the  brain. 
The  interniiclcar  fibers  which  take  origin  in  the  small  cells  of  the  cauda'.e 
nucleus  and  putamen  (the  striatum  of  C.  and  O.  Vogt)  were  absent.  Serial 
sections  throuKh  the  hypothalamic  region  revealed  no  degeneration  of  the  pro- 
jection fibers  (striothalamic,  striosubthalamic  and  striomesencephalic  radiations). 
More  iTiinnto  histologic  study  showed  that  the  nerve  cells  had  practically  all 
disapiwared  from  the  caudate  and  putamen,  with  only  a  lew  of  the  smaller 
and  some  of  the  larger  motor  type  (Malone)  of  cells  remaining.  The  phospho- 
tungstic-acid  hematoxylin  stain  showed  an  extreme  proliferation  of  the  glial 
elements,  especially  of  the  astrocytes  (Fig.  3),  which  had  a  tendency  to  collect 
about  the  vessels.  As  could  be  seen  in  the  gross,  the  globus  pallidus  (the 
pallidum  of  C.  and  O.  Vogt)  was  much  less  involved.  The  characteristic  large 
cells  were  present  in  the  usual  number.  Glia  cells  were  slightly  increased, 
although  astrocytes  were  rare.  In  the  thalamus,  there  were  atrophic  lesions  of 
the  cells  with  a  glial  proliferation,  but  infinitely  less  intense  than  in  the  striatum. 
The  vessels  showed  the  same  changes  as  found  in  the  cortex — thickening  of 
their  walls,  and  occasional  perivascular  collections  of  degenerated  material.  No 
foci  of  degeneration  were  seen. 

The  spinal  cord  showed  no  pathologic  condition,  and  the   liver,  except   for 
congestion,  was  normal. 

COMMENT 

The  cliaiiges  found  in  the  case  of  Huntington's  chorea  are  distinct 
and  rather  wides])read,  involving  the  f rontorolandic  corte.x,  the  meninges, 
the  vessels,  the  caudate  nucleus  and  putamen,  with  an  escape  of  the 
globus  pallidus  and  the  optic  thalamus.  It  is  worth  noting  at  this 
point  that  despite  the  extensive  cortical  and  striatal  changes,  no  sec- 
ondary degeneration  was  found  in  the  pyramidal  tracts  or  in  the  extra- 
pyr.iniidai  system.  The  fact  that  the  caudate  and  ])Utamen  are  selected 
in  this  <lisease  with  an  escajjc  of  the  globus  ]>allidus  is  easily  explainable 
when  it  is  realized  that  the  striatum  is  develojjed  from  the  same  part  and 
is  leally  one  body  separated  in  man  by  the  passage  of  the  anterior  fibers 
of  the  internal  capsule.  As  is  well  known,  the  globus  ])allidus  is  com- 
p<jsed  of  large  ganglion  cells,  wliidi  Malone  has  shown  to  be  related  to 
the  motor  system  in  their  general  structure,  .^ome  of  these  cells  are 
scattered  in  the  caudate  and  putamen,  and  they  are  relatively  uninvolved. 
It  is  the  small  type  of  cell  which  bears  the  brunt  of  the  pathologic 
process. 

We  were  disap|x)inted  in  the  absence  of  i)athologic  findings  in  the 
case  of  acute  chorea,  esiwcially  so  becau.se  Marie  and  Tretiakoff  found 
such  marked  alterations  in  their  case.  Our  case  was  undoubtedly  one 
of  Sydenham's  ciiorea,  the  diagnosis  being  based  on  the  tyiie  of 
irregular  movement  seen,  the  presence  of  endocarditis  and  eosinophilia. 
The  ca.se  was  not  one  of  enccj)halitis,  liecause  the  lesions  of  that  disease 
were  ab.sent.  We  believe  that  in  the  course  of  Sydenham's  chorea 
cerebral  changes  mti.st  occur,  but  modern  methods  have  so  far  failed  to 
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reveal  them.  Care  must  be  taken  in  the  interpretation  of  the  various 
sections  taken  from  the  basal  ganglions,  because  in  control  sections 
made  from  relatively  normal  persons  the  same  cell  changes  were 
demonstrated  as  in  the  case  of  Sydenham's  chorea.  As  Bielschowsky 
has  shown,  the  collection  of  cells  around  the  large  motor  type  of 
ganglion  cell  in  the  corpus  striatum  will  occur  under  normal  conditions, 
an  indication  of  the  fragility  of  these  elements.  This  was  found  in  the 
case  of  Huntington's  chorea,  but  not  to  a  greater  extent  than  in  a 
normal  case.  There  was  no  appreciable  change  in  the  smaller  type  of 
cell  in  the  case  of  Sydenham's  chorea,  in  the  specimen  of  which  the 
subthalamic  region  was  normal  and  no  cortical  alterations  were  noted. 
The  vessels  were  all  markedly  congested,  but  not  more  than  is  usual 
in  a  patient  dying  of  pneumonia  or  any  other  infectious  disease.  No 
thrombosed  vessels  were  found. 

The  symptomatology  of  the  corpus  striatum  is  being  slowly  evolved, 
due  in  large  measure  to  the  work  by  S.  A.  K.  Wilson,  Mills,  C.  and  O. 
Vogt,  Hunt,  Spiller,  Marie  and  others.  It  is  worth  noting  that  our 
Knowledge  of  the  functions  of  the  corpus  striatum  has  been  derived 
largely  from  clinicopathologic  study,  and  while  our  presentation  is  of 
small  moment,  it  may  add  a  little  to  the  sum  total  of  our  knowledge. 

SUMMARY 

1.  A  clinicopathologic  .study  was  made  of  a  case  of  Sydenham's 
chorea  and  of  one  of  Huntington's  chorea. 

2.  In  the  typical  case  of  Sydenham's  chorea  a  mitral  endocarditis 
was  found.  The  pathology  in  the  brain  of  acute  cell  changes  with  the 
marked  congestion  can  be  attributed  to  the  acute  infectious  disease  from 
which  the  patient  died. 

3.  In  the  ca.se  of  chronic  chorea  the  process  involved  mainly  the 
striatum  (caudate  and  putamen)  and  the  cortex;  the  changes  being 
typical  of  a  chronic  degenerative  process  in  these  parts,  selective  in 
action. 

4.  No  relationship  could  be  found  between  the  acute  and  chronic 
varieties  of  chorea. 

5.  The  findings  of  epidemic  encephalitis  were  not  present  in  our 
case  of  Sydenham's  chorea.  When  such  are  present,  as  in  Marie's 
case,  we  believe  them  to  be  the  result  of  the  epidemic  forms  of 
encephalitis  and  not  ordinary  types  of  acute  chorea. 
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PHII.ADKI.I>ltlA 

Ca.ses  of  Charcot-Marie  atrophy  witli  necropsy  are  sufficiently  rare 
to  warrant  report.  To  date,  six  cases  of  this  condition  with  the 
pathologic  findings  have  been  recorded ;  that  reported  by  one  of  us 
((i.  W.)  is  the  only  example  from  this  country.  The  jjathologic 
findings  in  the  six  cases  have  not  been  entirely  uniform;  all  of  them 
showed  degeneration  in  the  ])osterior  columns,  and  in  four  of  the 
six  cases  the  perijiheral  nerves  were  diseased ;  in  one  slight  degener- 
ation was  found  in  the  [leroneal  nerves  alone,  and  in  one  the  nerve 
trunks  were  normal  though  the  intramuscular  filaments  were  altered. 
The  anterior  horn  cells  were  greatly  involved  in  one  c;use,  but  the  other 
five  cases  showed  little  alteration  in  the  structure  of  these  cells.  Clark's 
columns  were  moderately  affected  in  one  case.  The  pyramidal  tracts 
showed  slight  changes  in  two  cases. 

REPORT     OF     A     CASE 

Cliiiiiiil  History. —  .\I.  K..  ;i  sinn't  woman  ancA  .SI,  wa.K  adinittvil  to  tlu: 
I'hila(K'l|iliia  ("leiirral  Ho.spital  on  July  9,  1914.  .At  that  tiino  a  note  was  made 
that  a  history  could  not  be  obtained  because  of  the  mental  condition  of  the 
patient.  In  1918.  the  history  of  M.  R.  which  follows  was  obtained  from  her 
mother:  The  father  died  from  imknown  cause  at  the  ajje  of  ^S.  The  patient 
is  one  of  five  living  children,  aged  respectively  M).  58.  57,  51  and  48  years.  One 
child  died  in  spasms  when  18  months  old  and  the  mother  had  one  miscarriage. 
No  member  of  the  family  had  had  symptoms  similar  to  those  of  the  patient. 
She  had  the  usual  diseases  of  childhood,  was  bright,  and  received  a  common 
school  education.  As  a  child  her  legs  were  weak  and  she  had  to  be  helped 
up  ancj  down  stairs  by  members  of  the  family.  She  assi-sted  with  the  house- 
work but  was  never  employed  outside  the  home.  Two  years  before  going  to 
the  hospital  she  became  bedridden  an<l  apparently  sulTered   severe  pain. 

On  July  26,  1918.  one  of  us  (C.  S.  P.)  examined  the  patient  and  found: 
The  woman  was  deficient  mentally  and  unalile  to  give  a  history  of  her  illness. 
Vision  appeared  to  be  good  and  the  cranial  nerve  functions  were  normal  with 
the  e.xception  that  a  moderate  degree  of  deafness  was  present.  The  pupils  were 
contracted,  irregular,  and  did  not  react  to  light,  but  reacted  well  in  accommo- 
dation. The  eyegrounds  were  normal.  The  patient  was  unable  to  walk  or  to 
feed  herself.  .Ml  movements  of  the  arms  could  he  made,  though  with  dimin- 
ished  strength,  but   there   was   very   little   movement   of   the  hands   or   fingers. 


*  From  the  Neurological  Service  and  the  I.alxiratory  of  the  Philadelphia 
General  Hospital  and  from  the  .School  of  Medicine  of  the  University  of 
Pennsylvania. 

*  Reported  at  a  meeting  of  the  Philadelphia  Neurological  Society.  Dec. 
19.   1919. 


Hyperextension  was  present  at  the  mctacarpoplialangeal  joint  of  all  fingers 
except  the  index  fingers;  the  second  and  third  joints  of  all  the  fingers  were 
flexed.  The  fingers,  with  the  exception  of  the  little  and  ring  fingers  of  the 
left  hand,  could  be  passively  straightened.  The  muscles  of  the  shoulder 
girdle  and  arms  were  slightly  atropliicd  ;  atrophy  was  much  more  intense 
helow  than  a1)ove  the  elbows  and  filjrillary  twitchings  were  present  in  the 
muscles  of  the  forearms.    The  muscles  of  tlie  back  were  well  developed.    Slight 


Fig.    1. — Section  of   the   second    luniliar   segment   of  the   spinal   cord. 


Fig.  -■ — Section  of  the  cord  from  the  mid-dorsal  region. 


power  was  present  in  the  muscles  of  the  legs,  but  was  practically  absent  in 
those  of  the  feet.  The  thighs  were  flexed  on  the  abdomen  and  the  legs  on 
the  thighs;  the  knees  were  ankylosed  in  a  state  of  semi-flexion,  and  the  feet 
were  in  the  position  of  talipes  cavus  with  slight  varus.  Atrophy  and  fibrillary 
twitchings  were  present  in  the  muscles  of  the  legs,  especially  in  the  peroneal 
and  anterior  tibial  muscles.  The  patellar  and  achilles  reflexes  were  absent 
and  plantar  stimulation  produced  flexion  on  both  sides.  Incontinence  of  urine 
was    present,    possibly   in    part    due    to    the   patient's   mental   condition,   and    in 


Fig.  3. — Section  of  the  first  dorsal  segment  of  the  cord. 


Fig.  4. — Low  power  drawing  of  the  ulnar  nerve. 


part  to  lack  of  team  work  lietvvecn  the  patioiit  and  tho  attendants.  She 
apparently  perceived  painful  stimuli  but  other  forms  of  sensation  could  not 
be  tested  owing  to  lack  of  cooi>eration.  \one  of  the  muscles  of  the.  legs,  fore- 
arms and  hands  reacted  to  the  faradic  current.  The  Wassermann  reaction  with 
both  blood  and  spinal  Huid  was  negative,  and  no  cells  were  found  in  the  fluid. 
The  patient  died  May  24,   1920,  as  the  result  of  broncho-pneumonia. 
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Fig.  S. — High  power  drawing  of  the  ulnar  nerve. 

Pathologic  Study  of  the  Nervous  System. — The  spinal  cord  and  the  posterior 
and  anterior  roots  appeared  small  on  gross  examination.  The  meninges,  the 
cells  of  Clark's  columns,  and  the  pyramidal  tracts  were  normal.  The  anterior 
horn  cells  in  the  lumbar,  sacral  and  cervical  regions  were  diminished  in  size 
and  number;  the  nuclei  were  eccentric,  the  cell  bodies  stained  poorly  and  con- 
sisted chiefly  of  a  granular  material.  The  changes  in  the  anterior  horn  cells 
were  most  marked  in  those  segments  concerned  with  the  muscles  of  the  feet, 
legs,  hands  and  forearms.     In  the  upper  cervical  and  upper  Imnbar  regions  the 


cells  of  the  aiitrrior  horns  wi-re  altered  hut  not  so  si-vcrfly  as  those  already 
describeil.  The  posterior  columns  were  moderately  deKenerated  throuKhout 
all  regions  of  the  cord.  The  deKeneration  was  usually  confined  to  the  region 
about  the  posterior  septum,  Iiut  in  the  cervical  levels,  lUirdach's  columns  were 
also  involved.  Lis.sauer's  zones  were  greatly  sclerosed  in  the  sacral,  lumliar 
and  cervical  regions.     The  cerebrum  showed  no  changes  of  note. 

The  plantar,  peroneal,  median  and  ulnar  nerves  were  degenerated,  the 
plantar  and  peroneal  nerves  being  intensely  involved.  The  plantar  nerves 
contained  few  healthy  fibers;  the  median  and  ulnar  showed  a  reduction  in 
the  number  of  healthy  fibers  but  not  to  the  severe  degree  observed  in  the 
plantar  and  peroneal  nerves.  The  ])erineuriuin  was  greatly  thickened  in  all 
the  nerves  examined;  the  epineurium  showed  slight  hypertrophy,  and  the 
endoneurium  was  not  appreciably  altered. 

Tissue  removed  from  the  plantar  surface  of  the  foot,  and  from  the  thenar 
and  hypothenar  eminences  showed  practically  no  muscle  tissue  at  all ;  fat  and 
connective  ti.ssue  were  the  only  structures  present. 

COMMENT 

The  pathologic  changes  in  our  case  therefore  corresponded  witi. 
the  two  findiiijjs  most  coiiunonly  reported  in  cases  of  Charcot-Maric 
atrophy  in  which  necnipsics  have  Ix'cn  recorded :  degeneration  of  the 
perijiheral  nerves  and  of  the  posterior  cohinms  of  tlie  cord.  The  cells 
of  the  anterior  horns  were  more  involved  in  this  case  than  in  the  one 
rejiorted  by  Wilson  in  1918. 

Clinically,  our  case  showed  the  presence  of  mental  changes  and 
.\rgyll- Robertson  pupils ;  these  have  occasionally  been  observed  in 
other  cases  of  peroneal  muscular  atrophy.  Indeed,  a  number  of  cases 
have  been  reported  with  such  atypical  manifestations  as  increa.sed 
reflexes,  Babinski's  sign,  optic  atrophy,  ocular  palsies  and  bulbar  symp- 
toms. The  occasional  appearance  of  these  unusual  symptoms  in 
Charcot-Marie  atro|)hy  may  be  c.x|)lained  on  the  ground  that  heredi- 
tary diseases  of  the  nervous  system  are,  at  times,  blended  together: 
hence  atypical  findings  arc  to  be  expected. 


Kcpriiilcil  from  the  .Archives  o)   .Vi-Mm/nr/y  and  I'syihiiilry 
Afril.  I9.'S.   fol.  9.  />/>.   ■I.<l-4.l'^ 


CopviicHT.  1923 
Ahkkican   Mrdicai.  AunciATinK 
lnF     Hrsniir.n    ahu   ThutvFivii   NrxTii    D>«iiii' 
CHICAOO 


p.   GAUDISSART 


Hy  percho  1  es  t  erinemie 


ET 


Retinite  albuminurique 


BRUXELLES 
IMPRIMERIE  MEDICALE  ET  SCIENTIFIQUE  (Soc    An.) 

34.    Rot    BOTANIQUE,    34 

19S8 


HYPERCHOLESTERINEBIE  ET  REUNITE  ALBUMINURIQUE 

par  1'.  Gaudissart 

{Triv.il  fail  .u  D*p..lemfut  dc  P.lKologie  du  'Pha«delphi.  Gemnl  Ho.pil.1'.  PhilKWphie.  E.-U.) 


I\'u  d 'affections  oculaires  ont  une  pathogenic  aussi  discut6e  que  la  r6ti- 
niie  albuminuriquc. 

Sans  avoir  1 'intention  de  passer  en  revue  la  volumineuse  litt^rature  de 
cette  question,  rappelons  bri^vement  que  la  production  des  lesions  r^ti- 
n.ennes  fut  diversement  attribute  a  I'hypertension  sanguine,  k  des  lesions 
vasculaires  et  a  des  modifications  chimiques  de  la  composition  du  sang 
notamment  k  la  retention  d'ur^e. 
^  Dans  ces  dernieres  ann^es,  {'attention  des  cliniciens  en  mddecine  interne 
s'est  portee  sur  U-s  modifications  de  la  teneur  du  sang  en  lipoides  plus 
sp^ialement  en  cholest^rine,  dans  diverses  affections  parmi  lesquelles  la 
n(5phrite. 

La  notion  de  la  cholest<5rine  fut  introduite  en  ophtalmologie  par  Chauf- 
fard  et  par  ses  collaborateurs.  II  attribua  d'abord  a  I'hypercholest^rin^mie 
la  gen^se  du  g^rontoxon,  du  xant^lasma  et,  plus  tard,  du  synchisis  scin- 
tillant. 

Le  m^canisme  de  la  production  de  ces  lesions,  comme  de  celles  de  la  reti- 
nue albuminurique,  dont  nous  allons  parler  bientot,  comprendrait  deux 
Mades : 

IJn  premier,  pendant  lequel  il  y  aurait  simplement  une  augmentation  de 
la  quantity  de  cholest^rine  du  sang:  stade  de  la  cholest^rine  circulante 

Au  second  stade,  ou  stade  de  la  rholest^rine  tix^,  se  formeraient  des 
d^pdts  locfuix  dans  la  peau  des  paupi^res  (xantelasma),  la  corn^e  (gdron- 
toxf»n),  le  vitre  (synchisis  scintillant). 

F'n  I9n..yi2,  Chauffard  pr.:-senie  14  cas  de  r.itinite  albuminurique  avec 
hyperrholest^rin^mie  a  laquelle  il  attribue  la  formation  des  exsudats  blancs 
r^tin.ens.  Pour  lui,  au  niveau  d'un  exsudat  primitivement  fibrineux  se  d^po- 
serait  uh.-neurement  la  choles.erine,  et  cela  gr^ce  a  I'exc^s  de  cholest^rin.^ 
du  sang. 

l/hyiH-n  holesiennemie  serait  un  ph.'nom^ne  pr^oce  de  la  nephrite  et 
.  .m.ruierait  ulteru-urement,  sans  disparaiire  cependant,  au  fur  et  h  mesure 
cles  pn)gr^s  de  I  uremic  et  de  I'intoxication  sanguine. 

C:'est  done  au  stade  de  d(:-but  des  retinites  que  devraient  se  trouver  les 
hypercholest^rmemies  It-s  plus  fortes. 

Achard  et  f-euillt^  Chauffafd,  G.  Laroche  et  Grigaut.  dans  des  m^moires 
siirwssifs,   ronhrm^rent  res  premieres  donn^es. 

Laroche.  Grigaut  et  Chauffard,  en  .920.  publi^rent  un  tableau  de  28  cas 
de  reimite  albuminurique,  toutes  aver  augmentation  de  la  cholest^rine,  de 
1  ur<^e.   ()e  la  pression  sanguine. 


Mais  la  question  dc  la  palliogt'-nie  de  la  rtHinile  albuiniiiurique  est  double: 
elle  comprend  d'abord  I'^tude  des  modifications  de  la  composition  du  sanjj 
au  moment  de  la  production  des  k'sions,  t*nsuite  I'exr.men  histocliimi()u  • 
des  retines  elles-memes.   Ces  deux   nit-thodes  sc  cnmpleicnt   muiuellenicni. 

La  seconde,   plus  que   la  premiere,    |X'rmeiirait  d'arriver  a   des  certiludes, 
n'etait  I'imperfection  de  nos  connaissances  histochimiques. 

D^j^,  en  1909,  ant^rieurement  done  aux  travaux  dont  nous  venons  de 
parler,  F-aubert  et  Adamiich  affirm^rent  (|ue  les  taches  blanches  de  la  reti- 
nite  albuminurique  presentaient  les  reactions  caracteristiques  des  lipoides, 
c'est-^-dire  la  double  refraction  en  lumi^re  polaris^e,  la  coloration  noire  par 
I'acide  osmique,  orang^  par  le  Soudan  III,  rose  par  le  Nilblau. 


r  ig.  1 .  A,  chloroforme  bouillant  ;  B,  serpenlin  condensant  les  vapeurs  de  chloiolorme  dam  C,  i^pient  de 
carton  filtre  cgnlenant  1  cmc  de  sang  mi\i  i  4  gt.  de  pUtre  de  Paris;  D,  siphon  vidant  le  recipient  C,  de* 
d*s  que  le  chloroforme  atteint  un  certain  niveau  ;  E,  four  ^lectrique. 

En  1912,  ChaulYard,  Guy  Laroche  et  Fontrtjaulx,  par  I'^tude  microsco- 
pique  d'une  retina  etalee  a  plat  et  dont  le  possesseur  avait  presente  unc 
retiniie  albuminurique  et  de  I'hypercholesterinemie,  arriverent  aux  m6mes 
conclusions. 

La  meme  annee,  Ginsberg,  par  des  m^thodes  analogues,  obtient  des 
resultats  identiques  quoique  moins  affirmatifs.  II  n'a  pu  etablir  tr^s  bien 
I'importance  respective  des  cellules  a  lipoides  et  des  lipoides  extracellu- 
laires.  ((  Les  cellules  a  lipoides,  dit-il,  sont  tr^s  petiies  et  n'existent  pas  en 
couches  assez  6paisses  pour  etre  visibles  ophtalmoscopiquement.  Les  taches 
blanches  de  la  ratine  sont  d'origine  multiple,  origins  qui  ne  peut  etre  deter- 
min^e  par  I'examen  ophtalmoscopique.  » 

Mawas,  en  1913-1916,  reprend  I't^tude  histologique  de  la  rt^tinite  albumi- 
nurique au  point  de  vue  qui  nous  occupe  et  arrive  h  des  conclusions  tout  a 
fait  opposees. 

Ouatre  lesions,  ecrit-il,  produisent  les  changements  ophtalmoscopiques 
de  la  r^tinite  albuminurique. 

La  l«^sion  initiale,  la  plus  frequente  et  la  plus  imporlante,  est  un  exsudat 
fibnneux  dans  la  couche  intergranulaire  et  dans  la  couche  granuleuse 
externe  de  la  retine.  Ultt^rieurement,  et  dans  certains  cas,  cette  exaudation 
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fibrineusr  rst  phajrocyt^e  [m       ■       (■lliii(>  -ladulriiscs.  C  t-s  derniercs,  qui 
>«'  n-ir^  I'ailleurs  cl.ins  he.'tucoup  de  lesions  de  dt'g(5n^rescence  des 

tibres  nt rvtuscs,  sont  de  j,'rosses  wlliiles  rondes  k  petit  noyau,  dans  le  pro- 
loplasmt-  de.s(|uelle.s  ont  t-tc  inisi-s  en  (W  iden<x-,  par  les  procedcs  sp<k:iaux 
done  nous  avons  parle  plus  ham,  iles  coultelettes  de  lipoides.  I^s  lipoides 
que  poss^dent  res  rcllules  leiir  appardcnnent  en  propre  et  ne  proviennent 
pas  des  exsudais  phagocytt-s.  Kn  effet,  Mawas  n'a  jamais  r(5ussi  h  Irouver 
des  lipoides  dans  ces  cxsudats.  Les  agglomerations  de  ces  cellules  granu- 
leuses  sptViales  ronslituent  les  seules  plaques  blanches  lipoidiques  de  la 
rthiniie  albuminurique.  Klles  doivent  etre  consid^rt^-es  comme  un  ph^no- 
m^ne  lardif  et  tout  a  fait  passager  au  cours  de  cette  affection.  Cette  conclu- 
sion est  en  contradiction  absohie  avec  les  ^d^es  de  (^hauffard  pour  qui  le 
di'poi  (le  cholesterine  constitue  le  phenom^ne  initial  et  primordial  de  la 
retinite. 

I.a  troisicme  lesion  rctinienne  est  un  decollemcnt    de  la  membVane  limi- 

lante   interne,   donnani   ophlalmoscopif|U(Mnent   I'aspect   de   gnmr^.s   i.kIic^ 

upalescentes. 

Knfin,   des  degenercsrences  ganglifomies  de   la  couche  des   libres   ner- 

veuses    apparnisseni    parfois    a    roptalniosrope   cf)mme    de    petites    tarhes 

blanches 

(\>s  deux  dcrnieres  lesions  sont  rares  et  peu  importantes. 

COmme  on  le  voil.  les  rcchejches  histologiques  n'ont  giiAre  rnntrihiie  ;i 

r  SMudre  le  problem^. 

Xmis  avions  enlrepris  ce  travail  dans  le  but  de  reprendre  les  recherches 

de  Chauffard  a  un  point  de  vue  plus  ophtalmoscopique,  dans  I'intention  de 

determiner  notamment  les  relations  entre  rhypercholesterin«imie  et  les  diffe- 

rentes  formes  dVxsudats  n'tiniens,  de  saisir  la  coincidence  entre  I'apparition 
les  premieres  laches  blanches  et  I'augmentation  du  taux  de  la  cholesterine. 

\'os  recherches  nous  ont  donnc^  des  r^sultats  tr^s  diflf^rt'nts  de  ceux  que  nous 

.iitendions. 

■  * 
*  * 

Mf^THOOES.  —  Nous  avons  adopt*^  pour  le  dosage  de  la  cholestf^rine  la 
meihode  colorim^trique  decrite  en  igi8  par  Myers  et  Wardell. 

Vous  renvoyons  pour  les  details  techniques'au  mt^moine  original  de  ces 
I-  Ills.   R^sumons  cependant  bri^vement  cette  m^thode: 
I  n  (enlim^tre  cube  de  sang  est  intimement  melange  k  4  gr.  environ  de 
■irede  l^aris.  Ce  mf^lange  est  stVhe  par  un  st^jour  d'urje  heure  h  lYtuve 

et  la  cholst^rine  qu'il  contient  extraite  par  le  chloroforms  bouillant. 

I.'extrait   ainsi   obt-nu   et   une   solution   chloroformique   de   cholesterine 

i  une  concentration  connue  sont  soumis  a  la  reaction  colorante  de  I.ieb«'r- 

mann-BurcTiard    (anhydride   ac^tique    et    acide    sulfurique),    laquelle,    en 

presence   de   cholesterine.    donne    une    belle   couleur    bleu    vert,    d'autnnt 

nlus  intense  que  la  ccmc^ntration  est  plus  grande.  Les  deux  solutions  sont 

Mses  au  colorim^tre  ct  leur  leheur  comparative  en  cholesterine  determintk-. 

Nous  avons  adopts  cette   methmle  parce  c|u>lle  est   relativement   plus 

imnl.fiue  les   m.'-thodes  .cravimetriques,    tout  en   donnant   cep-ndant   des 

liniquement  exacts.  Les  tests  auxquels  ses  auteurs  I'ont  soumise 

iparant  as--,    l.s  methodes  gravinuHriques  de  Windhaus  et  k  !a 


.iiiii-iir- 
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digitanine  ont  prouv^  sa  valeur.  On  en  trouvera  les  dt'-lails  dans  I'articie 
original. 

Nous  nous  sommes  frequemment  assure  que  I'extractTon  de  la  choleste- 
rine  ^tait  totale  en  soumettant  k  la  reaction  colorante  le  dernier  chlorofornie 
d'extraction  et  en  constatant  qu'il  restait  incolore. 

Nous  n'avons  jamais  obtenu  la  moindre  trace  de  coloration  apres  une 
demi-heure  d'extraction. 

Nous  avons  op6r^  sur  le  sang  total  recueilli  en  tubes  oxalates.  La  quantity 
de  cholest^rine  du  sang  total  est  un  peu  moins  considerable  que  celle  du 
serum.  Selon  Myers,  le  sang  humain  normal  renferme  de  130  a  170  milligr. 
de  cholest^rine  pour  100  cc. 

Dans  le  but  de  vc^rifier  cette  assertion,  et  aussi  pour  determiner  I'influence 
du  facteur  personnel  nous  avons  entrepris  une  serie  de  dosages  sur  des 
sangs  de  malades  atteintsd'affections  non  susceptibles  de  modifier  la  teneur 
du  sang  en  cholest^rine. 

Tableau  I.  —  Contr61e 


DIAGNOSTIC  fCLlNIQUE 

CHOLESTERINE 

milligr. 

pour  100  c.  c. 

1. 

Choroidite  centrale 

140 

2. 

ThromboM  branche  veine  centrale    .... 

155 

3. 

Kirato-conjonctivite  phlycl^nulaire  .... 

120 

4. 

Atrophie  toxique  faiaceau  maculaire.     .     .     . 

166 

5. 

Urjtrite  gonococcique  chronique 

150 

6. 

—                —                 —        

150 

7. 

—                —                 -         

145 

8. 

—                —                 —         

170 

9. 

—                —                 —         

155 

to, 

Chancre  mdur6 

160 

Le  tableau  I  montre  que  sur  10  de  ces  echantillons,  le  chiffre  le  plus  bas 
est  de  120  milligr.,  le  plus  elev^  170  milligr.  .Aussi  nous  croyons-nous  auto- 
ris6  k  consid^rer  comme  hypercholesterinemique  tout  .sang  dont  la  teneur 
en  cholesterine  d^passe  170  milligr.  par  100  cc. 

Le  dosage  de  I'ur^e  fut  effectu^  par  la  methode  a  I'urease,  ^galement  sur 
le  sang  total.  Les  chiffres  de  nos  tableaux  donnent  la  teneur  du  sang  en 
ur6e,  non  en  azote. 

Ajoutons  enfin  que  nous  n'avons  pas  choisi  nos  retinites,  mais  retenu 
toutes  celles  qui  sont  tombees  sous  notre  observation  dans  les  cliniques  et 
h6pitaux  de  Philadelphie  pendant  le  temps  que  nous  avons  consacre  k  ce 
travail. 


(  • 
♦  * 
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R<5si'r.TAi '~.  XiiLiS  a\iins  (|i\js('  rids  i  as  <n  tr<iis  categories  riii'^  "••■- 
exposoH'-  <n   imis  tableaux. 

I^  premier  romprend  les  nephrites  avec  hypercholest^rin^mie  <•!  sans 
r«'iinite,  le  second  Ics  cas  de  n'tinitc  albuminurique  sans,  le  Iroisi^ini-  av«.r 
hpercholest^rindmie. 

Nous  pouvons  envisager  de  trois  fa<;ons  les  rapports  possibles  de  I'liyper- 
(hi»Iesl<'rin('-mie  *'t  de  la  r^tinite  albuminurique: 

Ou  bien  la  cholosttTine  serait  la  cause  directe  de  la  r^tinite.  son  exc^s 
dans  le  sang  produisant.  par  dt^pot  au  niveau  des  exsudats  fibrineux  r(:-ti- 
niens,  les  soi-disant  taches  blanches  caracteristi(|u«-s  de  cette  affection  ; 

Ou  bi<'n  l.'s  deux  phenom^nes,  retinite  et  hypercholest^rin^mie,  coinci- 
dent sans  ccpendant  (jue  I'un  soit  la  cause  de  I'autre.  ces  deux  symptomes 
etant  les  manifestations  d'un  meme  etal  morbide,  le  r^sultat  d'une  m^nn 
cause  palhologique:  la  cholestdrine  serait  en  quelque  sorte  le  t^moin  de  li 
r^tinite; 

Enfin.  troisif^me  hypoth^se,  il  n'y  aurait  <'ntre  les  deux  aucun  rapport. 
Un  premier  regard  jete  sur  nos  tableaux  II  et  III  montre  que.  sur  nos 
i8  r(«(inites,  tr  ne  presentent  pas,  7  presenteni  de  rhypercholesK^rinc^mie, 

Tahlrau   U.  —-  F^'iiniic  ,-ill)uminuri(|ue  sans  hypcrrholfsli-rini'mic 


DESCRIPTION   OPHTALMOSCOPIQUE 


TENSION  SANGUINE 
Diutole         SyMole 


URtE 

miUtgT.  pout 

100  c.  c. 


CHOLESTERINE 

miJiisr. 
poui  100  c.  <- 


1 .  CEdime  rftine  el  papille,  h^morragie.  f  xiuciain  gris 

MJes 

2.  CEd^e  f^nmn.  h^morrigiet,  euudati  oed^maleux  . 

3.  (Edime    papilUite    el     r<'linien.     cjuudati     blsnc 

j»unSlfe»,  h*inorr«gie« 

4.  N^vfo-rAinile,  h^morrtgiet,  exiudali   blanc».  ((toile 

maculairr  parlielle 

5.  O.  D.  Obilruction  aiKre  cenlrale  anciennr.  —  O.  G. 

OEdime  el  slaie  papillaire.  extudaH  blanct.  itoile 
maculaire  partielle,  h^morragiej 

6.  CEd^me  rriinien   et   papillaire.  pelilei  h^morragie.. 

exfudalt  ponclu^  gra.  grit.jaunet  el  blancs  .      . 

7.  Exiudatoblanc.,pelili.dan.  le  voiuna;e  de  la  papille, 

8.  Rrtinite  ancienoe.  »ntnoK\H<»e  prononc^e,  h«mot 

ragies,  exiudals  grU  tale 

9.  CEdime   r^inien  el   papill.iie,  peine,  hiimorragie., 

exnidali  blaDC-jaunilret  extudalt  oKUmaleux 

10.  CEd*nie  rflinlen  el  papillaire.  h^morragie.,  exwdaU 

blanc-|auniltre« 

11.  CEdirae  papillaite   el    r«ini«i.  Mmoiragie..   peiiit 

euudau  jaunltret 


165 
120 

135 

140 


215 
260 

290 

235 


n'a  pu'jtie  obleoue 


120 
130 

80 

no 
no 

115 


150 

200 

160 
205 

200 
170 


56 
62 

47 

46 

94 
71 

H 

80 

77 

47 

280 


150 
130 

125 

130 

140 

140 
115 

160 

150 

160 

145 
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'rahli'tiu  III.  —    l^f'tiniic  ;ill)iiminurif|\ic  ,ivoi   li\  percholeslerinf'-mie 


EX  A  MEN  OPHTALMOSCOPIQUE 

TENSION  SANGUINE 
Diastole         Systole 

urEe 

mtlliffr.  pour 
100  c.c. 

CHOLESTERINE 

roillifr. 
pour  100  c.c. 

1.  OEdtme   de    la   papille    et    de    la    reiine.    exsudals 
jauiiatie?,  lesions  vascuiaires 

145 

220  - 

66 

232 

2.  CEdime  irlinien,  Mmortagies,  eXsudals  blancs.     .      . 

200 

260 

68 

240 

3.  CEdeme  r^lino-papiilaire  h^morragies.exsudats  blancs. 

160 

260 

24 

175 

4.  CEdeme  relino-papillaire,  hemorragies,  exsudats  blancs, 
^toile  maculaire ... 

120 
140 
85 

270 
205 
170 

19} 
75 
60 

ISO 

5.   Nombreuses  h^moragies,  exsudats   blancs  et  jaunes 

220 

6.  GLd^me  r^tinien  et  pap  llaire.  exsudatt  blanc-jaunatres, 
pelits,  entourant  la  papille 

220 

7.  Nevro-r^tinile    ancienne,    exsudals     jaunes,     arl^tio- 
scl^rose  des  vaisseaux 

200 

260 

20 

180 

I'armi  Ics  n'tiiiile.s  do  ncilre  tableau  II,  Ics  cas  3,  7,  6,  8,  10  sonl  des  cas 
dp  debul,  tant  par  I'histoire  tiiniquc  des  maladcs  dont  le  troiibie  visual  etait 
toui  recent  que  par  I'aspect  de  la  refine.  Ces  malades,  bien  que  pr^sentant 
les  laches  blanches  retiniennes  caracteristiques,  ont  une  cholesterinemie 
normale.  Le  cas  6  du  meme  tableau  est  particulierement  interessant,  car 
nous  <'n  a\T)ns  pu  suivre  ires  exactement  revolution:  a  notre  premier 
e.xamen,  le  fond  de  I'oeil  presentait  un  oedeme  de  la  papille  et  des  region^ 
environnantes  de  la  rt^tine  axev  queiques  pelits  exsudats,  les  uns  gris,  se 
detachant  a  fxjine  sur  le  fond  retinien,  d'autres  plus  clairs,  certains  enfin 
d'un  blanc  eclatant ;  queiques  .semaines  plus  tard,  un  exsudat  plus  ^rand  et 
.  blanc  brillant  s'l'tait  forme  au  voisinasje  de  la  papille;  malgre  cette  forma- 
tion d'exsudats  a  laquelle  nous  assistions  ophtalmoscopiquement,  la  teneur 
du  sang  en  cholesterine  ^tait  normale:  140. 

Le  cas  10  tableau  II  nous  permit  la  meme  observation:  un  premier  exa- 
men  ophtalmcjscopique  nous  revela  une  neuro-retinite  debutante,  sans  exsu- 
dats;  quatre  semaines  apr^s,  noil's  constaiions  un  exsudat  blanc-jaunatrf 
assez  etendu,  le  long  du  bord  papillaire.  Chez  ce  malade,  atieint  d'tm^- 
retinite  en  pleine  formation,  la  ouantite  de  cholesterine  du  sang  etait  nor- 
male (160  la  premiere  comme  la  seconde  fois).  Les  autres  cas  de  noire 
tableau  II,  malgre  la  presence  de  retinites  en  pleine  evolution  et  tvpiqiH"- 
(deux  montraient  une  ('-toile  maculaire),  ne  presentent  pas  d'hvpercholesic- 
rin^mie.  Dans  ces  conditions,  il  nous  semble  bien  difficile  d'attribuer  a  la 
cholesterine  e  roe  essentiel  et  primordial  dans  la  formation  de  I'exsiidat  de 
la  rtetinite  albuminurique. 

Nous  croyons  d'ailleurs  que  (  'est  une  crreur  de  parler  d'un  exsudat 
caracteristique  de  cette  affection.  Entre  les  laches  gris-sales,  d'aspect  ned^:- 
maleux,  et  les  plaques  d'un  blanc  brillant  nous  avons  irouve  tons  les  inier- 
mediaires.  De  plus,  des  aspects  ophtalmoscopiques  consid^r^s  comme  tvpi- 
ques,  tels  que  I'etoile  maculaire,  se  retrouvent  parfois  dans  des  affections 
tr^s  diff^rentes  comme  I'erysipele,  la  syphilis,  la  papille  de  stase.  II  est  plus 
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prohahl.-  ,,ur  I  ,  u-unr  i,a^,i  ,ir  i.^^uo  .dciuiqu.-  ..  d,->  i-x,  iiaiions  i^ailiwl.w 
,UI(|l..•^  .IneiM-..  ,n,,i  , .miinr  >lr  multiplfs  inft-ctions  dt-  la  conj.jnclive  pro- 
•  liiisoni  (les  lau.ssf.s  iiK-mbraiics. 

Xousavons  envisage  riiypolho,    .,u  i  h\  perriu.lesuriiumi.-,  sans  ("in-  la 
.MIS,-  d,-  I,-,  n-tinite,  apparaitrail  -n  nu-nic  lemps  (|u\-lU..  C.-la  nous  sembl.- 
(..n  pn.l)al)N-.  Sur  nos  i8,asde  rtliniu-,  7  seulnnenl  pr«senient  de  rhyfMT. 
li-l.M:  rui.Wnie,  mais  oni  en  menie  temps  .in.-  i.n'nii,-  pl„s  (,t.  Mioins'pn.- 
w  line  tensi»)n  s;tnguine  elevife. 
I>auire  pari  notre  iabl.'au  IV  montre  8  nephrites  chroniques  sans  retinite 
^.H-n  t,iie  la  (,uaniite  de  rlu.lesterine  dans  le  sanj,^  soit  superieure  a  la  nor- 
niale  parf.)is  d'une  tayon  considerable.Nuus  avons  iruuve  ces  8  nephrites 
hyperch«)lesterint;-miqnes  en  operant  s.ir  tin  nombre  environ  double  de  cas 
ii   nous  eut  ete  facile  d'en   trouver  iin   nombre  beaucoup  ph,s  .^teve    mais 
nous  croyons  que  notre  tableau  sntT.i  p.n.r  demontrer  tjue,  dans  la  ne'phriie 
liron.,,.ie,   une  hypercholest^rinemie  .l.v.V  .-si  ...mpatible  avec  I'absenee 
ill-  n'-iinite. 


Tuhlcciu    1 1 


X.'phrites  avec  liypercholesi^rinemie  ei   sans  retinite 


DIAGNOSTIC  CLINIQUE 


TENSION  SANGUINE 


mm. 


Syito.'< 
mm. 


URf  F.     ;  CHOLESTERINE 

millijr   pout  niJIlgr. 

100  c.c.     I    paUF  100  c.c. 


1 .  N^phhle  chtonique  . 

2.  - 


3. 
4. 
5. 
6. 
7. 
8. 


90 

150 

70 

;    130 

75 

115 

110 

210 

80 

140 

20 

125 

90 

160 

140 

230 

42 

27 

24 

103 

183 

75 

120 

94 


220 
420 
292 
192 
170 
160 
230 
190 


Nous  nous  trouvons  ainsi  amene  a  noire  iroisiemc  hypoth^se:  Puhauc 

.    ,wn,hr,'ux  cas  ^      plus  dr  la   moHle         de   reiuulcs  alhuminuriquv^   „r 

^"'"  ''  I'ypi-rchoU-sterinemi,-  el  que  cellos  qui  cu  presentent  ont 

<■»  »u-mc  ,cmps  soil  de  I'uremic,  soil  une  tension  saufruine  Hevie  ct  puis- 

nu;d  outre  part.   ,7  existe  des  nephrites  chroniques  avec  hvpetcholestM- 

meet  saMsretnutC  H  nc  nous  semhie  pas  exister  de  rapport  hien  deli,n 

■  "In  la  retinite  aUnumnurtque  et  I'hypercholesterinennc. 

Nous  n-envisa^rrons  pas  ici  la  palho.uenie  de  la  rc^tinite  albuminurique   . 

■I    'mr.s  points  de  vue.  Contentons-nous  <le  faire  obs-rver  .iuel,,ues  ru.nci- 

n..s  ini..ressanles,  sans  en  exap^rer  I'impartanre  ni  la  nouveautt^ 

i-i^    -M,s  cas   de   rt-linite,    s.-.ns   exception,    prt^entent   soit    une   tension 

levee,  soil   une  au,,rnu'ni!.iion  du   laux  de  Puree.   II  ne  faut   pa- 

ccpendaiu  aiinl.uer  a   nos  rhilTres  une  val.ur   tn.p  absolue,   ces  deuv  ^•1,'.. 

IHenls    f|;oil     inf1iif-!>.    •-     mr    li>     ri.t->  ,  -       I  iv  . 

P'^r  l<    repos.   1,-   ,,um,..    ,  .,  .   I )e  plus,   un   .ertain 


-  10  - 

nniiit)re  de  nos  ras  ;i  K'nsion  nnmijilc  on  subnornwle  sont  en  6tat  de  d(?com- 
pertsation  rardia(]ue  (^t  ont  jiar  const-qiienl  fail  do  I'hypertension  a  un  mo- 
iiicnt  dc  leiir  t'x-olution. 

II  nous  scmbli'  poiiilaiit  iiiiiTcssani  dv.  consiaUT  (|iic,  sur  nos  i8  cas  de 
relinite,  13  ont  iine  hjixrlension  niarqutk-  (200  ou  au  delk)  el,  sur  nos 
8  nephrites  sans  reliniie,  2  seuiemenl  possedeni  une  tension  sanguine  au- 
ilcssiis  de  la  normale  alurs  C|ue  5  ont  une  uremie  plus  ou  nioins  marquee. 
Ivnfin  12  tie  nos  malades  atteints  dc  relinite  avaient  une  uremie  sup^rieure 
;i  50  milligr.  pour   loo  cc. 

J*  * 

C"(^Nci.i  sioNS.  —  1"  L'hypercholesterinc^mie  ne  semble  pas  jouer  un  r6]e 
bien  defini  dans  la  genese  des  exsudats  de  la  relinite  albuminurique; 

2°  II  ne  parail  pas  y  avoir  de  rapport  de  coincidence  enlre  rhypercholes- 
lerinemie  el  la  relinite  albuminurique; 

3°  L'hypertension  sanguine  et  la  retention  d'uree,  soit  isolement,  soil 
reunies,   accompagnenl  presque  invariabiement  la  rt^tinite  albuminurique. 

En  terminant  ce  travail,  nous  tenons  a  remercier  Dr.  Edward  B.  Krum- 
bhaar,  directeur  du  departenient  de  Pathologie  du  «  Philadelphia  General 
Hospital  »  de  la  genereuse  hospitalite.  qu'il  nous  a  offerte  dans  ses  magni- 
fiques  laboratoires.  Les  conseils  du  \y  W.  H.  Stoner,  du  laboratoire  de 
Biochimie  du  nieme  d^partement,  nous  ont  6te  tr^s  utiles  pour  I'execution 
de  la  partie  technique  de  nos  recherches.  Nous  lui  exprimons  ici  tous  nos 
remerciements. 

Philadelphie,  30  juillet   1921. 
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TROPICAL  INGUINAL  GRANULOMA  IN  THE  EASTERN 
UNITED  STATES" 

ALEXANDER  RANDALL,  JAMES  C.  SMALL  and  WM.  P.  BELK 
Philadelphia,  Pennsylvania 

We  wish  in  a  preliminary  report  to  briefly  call  your  atten- 
tion to  a  condition  supposedly  occurring  only  in  the  tropics, 
and  its  endemic  existence  in  the  temperate  parts  of  the  eastern 
United  States. 

Under  the  following  variety  of  names:  tropical  inguinal  granu- 
loma, tropical  ulcer,  venereal  granuloma,  granuloma  inguinale, 
and  granuloma  pudendi,  there  has  long  been  recognized  by 
physicians  practising  in  the  tropics  and  especially  in  South 
America  a  disease  which  was  supposedly  limited  to  these 
countries. 

Last  year  Symmers  and  Frost  reported  from  the  laboratories 
of  the  Bellevue  Hospital,  New  York,  two  cases  of  tropical  in- 
guinal granuloma  found  in  negroes  of  that  city,  and  this  number 
has  recently  been  augmented  in  a  later  report  by  Campbell 
of  three  further  cases  found  in  the  urological  wards  of  that 
institution. 

Recognizing  the  similarity  of  the  lesions,  as  illustrated  by 
Symmers  and  Frost,  to  certain  cases  that  have  been  repeatedly 
seen  on  the  urological  service  of  the  Philadelphia  General  Hospi- 
tal, a  round-up  was  instituted  on  commencing  the  service  Jan- 
uary 1  with  the  result  that  5  men  and  2  women  were  found,  in 
the  institution  suffering  from  this  condition.  These  numbers 
have  been  increased  since  that  time  by  3  men  and  one  woman 
patient,  making  a  total  of  11  cases  under  observation.  Four 
further  cases  have  been  reported  to  us:  one  an  inmate  of  the 
Penitentiary  who  had  on  two  previous  occasions  been  treated 

>  Read  before  the  American  Association  of  Genito-Urinary  Surgeons,  May 
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for  this  condition  at  the  Philadelphia  General  Hospital;  a  second 
and  a  third,  observed  by  Dr.  A.  H.  Lippincott  of  Camden, 
New  Jersey,  after  being  diagnosed  by  our  laboratory;  and  a 
fourth,  a  native  of  New  Jersey  who  is  awaiting  hospital  admis- 
sion having  been  referred  by  Dr.  J.  L.  Herman:  a  total  of  15 
cases. 

The  first  and  most  important  fact,  when  making  such  a 
diagnosis  of  a  supposedly  tropical  disease  as  present  in  the 
temperate  zone,  is  the  unquestioned  accuracy  of  the  diagnosis. 
We  have  turned  to  the  work  of  Aragao  and  Vianna  of  Rio  Janeiro, 
who  are  probably  the  world's  authorities  on  this  condition,  and 
the  originators  of  the  specific  antimony  treatment,  and  we  have 
been  able  to  corroborate  and  substantiate  in  our  cases  all  the 
bacteriological  data  that  they  report,  while  the  result  of  the 
specific  treatment,  and  the  similarity  of  the  appearance  of  the 
lesions,  as  we  have  seen  them,  to  the  splendid  photographic  and 
colored  illustrations  in  their  work  have  alone  been  almost  self- 
substantiating. 

This  disease  has  been  present,  practically  constantly,  in  the 
Philadelphia  General  Hospital  as  long  as  any  of  the  attending 
physicians  and  nurses  can  remember.  It  has  masqueraded  both 
here  as  elsewhere,  under  various  other  diagnoses,  among  which 
may  bfe  mentioned  lues,  now  ruled  out  as  in  fact  it  has  always 
been,  by  the  repeatedly  negative  blood  tests,  lack  of  specific 
history  and  absolutely  negative  results  with  arsenic  therapy; 
as  chancroidal  infection,  to  which  it  rarely  bears  any  similarity 
as  destructive  ulceration  is  particularly  not  a  characteristic; 
as  tuberculosis,  though  never  substantiated  by  microscopic  study; 
as  condylomata,  to  which  when  seen  in  the  female  or  about  the 
anal  region  it  bears  a  close  similarity;  and  as  carcinoma,  to 
which  the  microscopic  picture  in  two  of  our  cases  was  almost 
typical. 

HISTOLOGICAL   RECORD   OF  INGTHNAL   GRANULOMA* 

Four  cases:  2,  11,  6,  7.  Tissues  were  fixed  twenty-four  hours  in 
formalin;  sections  were  cut  from  paraffin  blocks  and  stained  with 
hematoxylin  and  eosin. 

'  By  Dr.  William  P.  Belk. 
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The  general  appearance  of  the  four  was  the  same.  There  was  ft 
proHferation  of  fibrous  tissue,  moderate  in  amount,  and  enormous 
numbers  of  polymorphonuclear  leucocytes  and  endothehal  cells.  Some 
times  one,  sometimes  the  other  predominated.  The  vessel  walls  were 
somewhat  thickened,  as  in  chronic  inflammatory  processes.  There 
was  in  every  case  some  proUferation  of  the  squamous  epithelial  cells  of 
the  skin;  in  no.  7  this  was  quite  marked,  and  in  no.  6  proliferation  was 
so  marked  and  extended  so  deeply  that  a  preliminary  diagnosis  of  epi- 
theUoma  was  made.  There  was  in  some  cases,  sUght  amount  of  necro- 
sis, but  this  was  never  marked,  nor  was  abscess  formation  noted. 
The  process  was  separated  from  normal  tissue  by  bands  of  connective 
tissue. 

Sections  from  two  rabbits  autopsied.  Rabbit  3  and  rabbit  5  showed 
identical  histological  pictures.  In  these  cases,  the  infecting  organism 
was  stained  in  the  tissues  by  the  following  method:  si.t  hours  fixation 
in  Sheuder's  solution,  1  hour  in  Giemsa  stain,  otherwise  technique  as 
ordinarily  recommended  for  Giemsa. 

BACTERIOLOGICAL   METHODS  AND   LABORATORY   DIAQNOSIS' 

Direct  smears 

Direct  smears  from  the  lesions,  properly  prepared  and  stained, 
constitute  a  very  reliable  method  of  diagnosis.  The  material  may  be 
collected  on  sterile  cotton  apphcators  for  either  the  smears  or  the 
cultures.  Thin  spreads  of  this  material  are  essential.  These  are  dried 
quickly  in  air  and  stained  either  by  Wright's,  or  Geimsa's  stain. 
Wright's  method  is  the  more  rapid  and  has  given  satisfactory  results. 
The  most  difficult  part  of  the  procedure  is  to  obtain  the  proper  differen- 
tiation of  the  stained  smear  in  distilled  water.  Even  with  the  most 
intense  Wright's  staining  this  differentiation  should  not  be  carried  on  for 
more  than  fifteen  or  twenty  seconds.  Application  of  the  water  for 
too  long  entirely  decolorizes  the  capsules  of  the  organisms:  for  too 
short  a  period,  the  capsules  appear  blue  and  the  morphology  of  the 
bodies  of  the  organisms  cannot  be  observed  clearly.  With  the  best 
staining  results,  the  organisms  appear  as  small  rounded  pink  bodies 
with  a  dark  blue  coccoid  body  in  the  center;  or,  more  frequently,  as 
oval  pink  bodies  with  a  bacillary,  or  diplococcoid  body  occupying  the 
longitudinal  axis.  The  pink  outer  zone  is  a  wide  bacillary  capsule; 
the  dark  blue  central  bodies  represent  metachromatic  granules  within 

»  By  Dr.  James  a  Small. 


542  ALEXANDER  RANDALL,  JAMES  C.  SMALL  AND  WM.  P.  BELK 

the  bacillary  body  proper.  The  true  outline  of  the  bacillary  body  can 
be  seen  only  after  the  capsule  has  been  entirely  decolorized  by  differen- 
tiating with  distilled  water.  In  stained  smears  from  the  lesions,  some 
areas  show  organisms  with  capsules  stained  pale  blue  and  obscurely 
differentiated  central  bodies;  other  areas  show  well  defined  dark  blue 
metachromatic  granules  surrounded  by  a  pink  capsule,  which  latter, 
however,  obscures  the  outline  of  the  bacillus  proper;  and  stiU  other  areas 
are  seen  in  which  the  capsules  have  been  entirely  unstained  and  where 
the  organisms  appear  as  short,  thick  bacilli  with  rounded  blunt  ends 
occupied  by  the  dark  blue  metachromatic  granules.  The  organisms 
thus  present  a  true  bipolar-stained  appearance  with  the  intervening 
body  shaft  of  the  bacillus  stained  a  pale  blue.  Always  a  few  bacilli, 
shorter  than  those  just  described,  stain  solidly  a  deep  blue. 

The  organisms  are  found  within  the  cytoplasm  of  large  mononuculear 
cells.  In  such  they  have  well  defined  capsules,  or  may  appear  as  nests, 
of  bacteria  occupying  a  rounded  area  within  the  cell  and  revealing  no 
capsules.  In  such  nests  the  bipolar  staining  may  be  observed.  The 
polymorphonuclear  leucocytes  do  not  contain  encapsulated  forms. 
Encapsulated  forms  may  appear  free,  or  in  relation  to  cellular  detritus. 
In  the  latter  instances  they  occur  chiefly  in  groups  and  in  the  neighbor- 
hood of  large  naked  mononuclears.  These  presumably  represent  organ- 
isms released  from  the  disintegrated  cytoplasm  of  mononuclear  cells. 
In  the  former  instances  they  may  occur  singly  and  in  no  relation  to 
cellular  detritus. 

Smears  from  the  lesions  are  remarkaby  sparse  in  bacteria,  as  compared 
with  smear  preparations  from  other  types  of  ulcerative  lesions  about 
the  genitaUa.  Staphylococci,  streptococci,  diphtheroid  bacilli  and 
bacilli  having  the  morphology  and  staining  character  of  the  colon 
group  have  been  observed  widely  scattered,  or  in  small  clumps  within 
the  polymorphonuclear  cells. 

Cultures 

The  granuloma  organisms  have  been  grown  in  cultures  in  four  in- 
stances. Of  the  various  media  and  methods  tried,  surface  inoculation  of 
Sabaraud's  maltose  agar  (2  per  cent  acid),  as  recommended  by  Aragao 
and  Vianna,  proved  the  most  useful.  This  degree  of  acidity  tends  to 
inhibit  some  of  the  contaminating  bacteria,  and  permits  profuse  growth 
of  the  granuloma  bacillus.  The  growth  is  quite  characteristic  after 
twenty-four  hours  incubation.     Colonies  appear  slightly  gray  white, 
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moist,  glistening,  dome  shaped  on  round  regular  basis  from  1  to  3  mm.  in 
diameter.  When  touched  with  an  inoculating  wire  they  appear 
quite  viscid  and  have  the  consistence  and  appearance  of  thin  starch 
paste.  By  transmitted  light  they  arc  translucent  and  have  a  slight 
brownish  tinge.  They  are  usually  the  largest  colony  appearing  in 
these  mixed  cultures  of  the  material  taken  directly  from  the  lesions, 
and  are  very  readily  recognized. 

In  subcultures  growth  occurs  on  all  of  the  simpler  media.  Enriched 
media  is  not  necessary,  on  semisoUd  media  the  character  of  the  growths 
does  not  differ  essentially  from  that  described  above.  In  fluid  media 
there  is  diffuse  turbidity  with  a  surface  ring  tending  to  adhere  to  the 
sides  of  the  culture  tube  and  to  climb  slightly  above  the  level  of  the 
liquid.  Later  sedimentation  occurs.  Growth  is  profuse  even  in  1 
per  cent  peptone  water.  In  litmus  milk  there  is  acid  production  and 
coagulation  within  twenty-four  hours.  On  potato  growth  is  profuse, 
moist  and  sightly  brownish  in  color.  There  is  a  decided  blackening 
of  the  potato. 

Smears  from  cultures,  when  stained  with  Wright's  stain,  show  essen- 
tially the  morphologic  details  previously  described;  in  smears  from 
Sabaraud's  media  and  from  moist  glucose  or  plain  agar,  wide  capsules 
are  readily  demonstrated,  so  that  the  organisms  appear  as  do  the  encap- 
sulated ones  in  direct  smears  from  the  lesions.  In  smears  from  broth 
cultures,  capsules  are  not  demonstrated,  so  that  the  organisms  from 
twenty-four  hour  old  cultures  appear  as  short,  plump  bacilli  exhibiting 
irregular  staining — for  the  most  part  showing  a  dark  area  at  either  pole 
with  pale  blue  intervening.  In  older  cultures,  especially  in  media 
containing  a  carbohydrate  which  has  been  fermented  with  decided  acid 
production,  long  forms  occur.  These  forms  also  stain  irregularly, 
presenting  dark  blue  banded  areas,  alternating  with  pale  blue  areas 
throughout  the  length  of  the  organism. 

Our  study  of  the  organism  may  be  tabulated  briefly: 

Non-motile,  non-sporulent,  encapsulated  bacillus.  Gram  negative; 
showing  metachromatic  granules  as  well  as  capsules  with  Romanowski 
staining. 

It  does  not  liquefy  gelatin,  or  coagulated  serum. 

It  hemolyzes  blood  in  agar  plates. 

It  does  not  form  indol. 

Coagulates  and  acidifies  milk  within  twenty-four  hours. 

It  ferments  dextrose,  levulose,  lactose,  galactose,  saccharose, 
malatose,  arabinose,  mannitol,  salicin,  inulin,  and  dextrin.  It  does 
not  ferment  dulcitol  and  rice  starch. 
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Pathogenicity 

Intraperitoneal  inoculation  kills  white  mice  and  guinea  pigs  in 
twenty-four  to  forty-eight  hours.  The  organisms  are  recovered  at 
autopsy  from  the  peritoneal  fluid,  the  blood  and  the  various  internal 
organs. 

Cutaneous  inoculations  of  white  mice,  guinea  pigs,  rabbits,  cats  and 
dogs  all  failed  to  produce  definite  lesions. 

Intradermal  inoculations  of  dogs  were  also  negative. 

Subcutaneous  inoculation  of  white  mice  and  guinea  pigs  produced  an 
inflammatory  reaction,  going  on  to  abscess  formation  in  some  instances 
but  always  with  spontaneous  and  rapid  healing.  In  dogs  and  cats  no 
abscess  formation  occurred,  only  a  slight  inflammatory  reaction  being 
noted. 

In  rabbits  it  produced  large  subcutaneous  infiltrations  with  abscess 
formation  and  spontaneous  rupture  producing  ulcers  some  of  which  have 
failed  to  heal  after  an  observation  period  of  six  weeks. 

CLINICAL  STUDY 

Symptoms 

The  usual  history  is  that  the  lesion  started  as  a  small  papule, 
non-inflammatory,  which  after  rupture  and  the  exudation  of  a 
sMghtly  purulent  fluid,  refused  to  heal,  and  exhibited  progres- 
sive tendencies  toward  slow  proliferation  and  spreading.  The 
lesion  in  its  purity  (especially  seen  when  involving  the  inguinal 
region),  is  a  flesh-red,  exuberant,  overgrowth  of  soft  granulation 
tissue.  It  has  absolutely  no  simularity  to  an  ulcer,  with  its 
eroding,  undermining,  necrotic  base.  The  center  of  the  granu- 
loma appears  slightly  depressed,  and  there  is  certainly  a  destruc- 
tive action  present,  but  the  edges  are  redundant  and  overlap 
the  apparently  healthy  skin  margin.  Exudate  is  scant,  mucoid 
in  character,  of  a  non-offensive  odor,  and  when  wiped  with 
gauze  is  easily  removed,  leaving  a  clean  blood-red  surface, 
similar  in  every  respect  to  a  large  area  of  healthy  granulation 
tissue  as  seen  in  clean  surgical  wounds.  This  picture  varies 
according  to  the  duration,  size  and  location.  The  older  lesions 
show  at  times  tendencies  towards  cicatrization  at  some  points, 
while  spreading  in  others,  but  this  only  occurs  when  flat  non- 
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chafing  surfaces  are  involved.  Large  lesions,  especially  those 
in  the  perineum,  become  bulbous,  simulating  condylomata 
acuminata,  with  large  rounded  heads  of  new  growth,  the  heads 
ofttimes  with  pearly  white  surfaces  of  epithelization,  and  deep 
crypts  with  raw  granulomatous  surfaces.  Secondary  infection 
here  causes  the  clean,  odorless  character  to  change. 

As  indicated  by  the  name  the  most  frequent  location  is  in  the 
groin  spreading  upward  as  far  as  the  anterior  superior  spine  and 
downward  through  the  fold  of  the  groin  frequently  involving 
the  perineum,  and  in  some  cases  following  the  fold  of  the  nates 
and  spreading  to  the  buttocks.  Prepucial  lesions  are  likewise 
frequently  associated  and  at  times  primary,  and  involvement 
here  has  given  us  the  most  destructive  picture  with  a  gradual 
erosion  of  the  glans  and  even  the  shaft  of  the  organ.  In  the 
female,  the  labia  majora  share  the  brunt  of  the  attack  with  the 
perineum  and  groin  involvement  in  some  cases.  We  have  had 
one  case,  a  male,  with  the  granuloma  limited  to  a  proliferative 
growth  about  the  anus. 

The  patient  has  few  subjective  symptoms.  They  suffer  no 
pain  or  discomfort  unless  the  involved  areas  are  so  placed  as  to 
cause  chafing.  The  granuloma  is  practically  painless  to  the 
touch,  and  only  deep  pinching-up  of  the  mass  will  cause  suffer- 
ing. Practically  all  of  our  patients  have  shown  a  definite  degree 
of  secondary  anemia,  but  there  has  been  a  complete  absence  of 
pyrexia,  chill,  leucocytosis,  throbbing,  lassitude,  or  the  usual 
concomitants  of  infectious  processes. 

Race 

All  of  our  cases,  with  one  exception,  have  occurred  in  the 
negro.  The  one  exception  is  that  of  a  white  male,  in  whom  the 
lesion  has  likewise  been  atypical,  simulating  a  phagodenic 
chancroidal  sore  with  ragged  ulcerated  edges.  His  bacterio- 
logical examination  was  positive  and  he  may  be  harboring  a 
double  infection.  He,  however,  has  not  responded  to  treatment 
as  in  the  others. 
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Diagnosis 

We  have  based  our  clinical  diagnosis  entirely  on  the  bacterio- 
logic  finding  of  the  specific  organism.  This  is  done  by  making 
smears  from  the  exuding  surface,  in  which  will  be  found  niuner- 
ous  large  mononuclear  plasma  cells,  whose  protoplasm,  on  proper 
staining,  will  be  found  studded  with  the  characteristic  encap- 
sulated diplo-bacillus.  The  therapeutic  result  from  the  use  of 
antimony  intravenously,  may  Ukewise  be  taken  as  indicative 
of  the  accuracy  of  the  diagnosis,  for  after  three  or  four  adminis- 
trations the  organism  diappears  entirely  from  the  surface  and 
cannot  be  found  in  smears. 

Treatment 

As  pointed  out  by  all  previous  writers  and  substantiated  by 
the  histories  of  cases  in  the  Philadelphia  General  Hospital  in 
years  gone  by,  the  treatment  of  these  lesions  has  been  most 
disappointing  until  the  present,  when  antimony  was  first 
instituted. 

Local  applications  of  salves,  escharotics,  and  antiseptics  do 
no  good  whatsoever;  vaccine  therapy  has  been  consistently  a 
failure;  excision  is  followed  almost  uniformly  by  recurrence  be- 
fore healing;  arsenic  is  of  no  benefit;  and  X-ray  alone  has  given 
us  any  curative  results,  causing  a  slow  cicatrization,  but  because 
of  the  dangers  associated  with  its  use,  it  has  been  possible  to 
apply  it  only  once  every  three  weeks,  and  therefore  requiring 
on  an  average  from  twelve  to  eighteen  months  to  establish 
healing.  Even  with  X-ray  the  hospital  experience  in  the  years 
past  has  been  disappointing,  and  probably  at  least  50  per  cent 
of  the  cases  had  recurrences. 

Some  of  our  present  cases  have  had  two  or  more  admissions  in 
passing  years  for  return  of  their  lesions  after  apparent  complete 
healing  under  X-ray  therapy,  while  several  have  been  so  long 
inmates  of  the  institution  that  they  have  been  put  on  the  hospital's 
pay-roll  and  work  as  laborers  about  the  buildings. 

Following  Vianna's  work,  we  started  giving  antimony  intra- 
venously in  the  form  of  tartar  emetic.  The  initial  dose  of  0.04 
gram  was  used,  and  this  quickly  advanced  to  a  maximum  dosage 
of  0.1  gram.     Our  first  treatments  were  given  daily  and  most 
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patients  tolerated  this  until  about  ten  doses  had  been  given, 
but  nearly  all  after  that  amount  showed  some  symptoms  of 
intolerance  for  the  drug  and  we  began  intermitting  the  daily 
dosage,  governing  the  time  by  syinptomatic  data.  This  in- 
tolerance consisted  of  rheumatoid  pains  in  the  joints  associated 
with  stiffness,  especially  seen  in  the  early  morning  on  rising, 
and  most  frequently  located  through  the  shoulder  girdle,  and 
as  a  general  rule  wearing  off  during  the  course  of  the  day.  There 
have  not  been  in  any  case  symptoms  of  an  alarming  character. 

The  drug  has  been  prepared  by  dissolving  0.1  gram  in  10  cc. 
of  saline  solution  and  is  best  put  up  and  preserved  by  sealing, 
under  sterile  precautions  in  that  size  glass  ampoules.  Intra- 
venous administration  is  essential. 

The  lesion  becomes  bacteriologically  sterile  after  the  second  or 
third  dose  of  the  tartar  emetic.  Healing  commences  within 
forty-eight  hours  after  the  first  administration,  and  from  then 
on  almost  daily  progress  can  be  appreciated.  EpitheUal  pro- 
liferation starts  at  the  edges  and  rapidly  spreads  inward,  while 
often  isolated  islets  of  epitheUum  in  the  midst  of  the  granuloma, 
before  not  seen,  or  buried,  start  proliferation  in  the  midst  of 
the  lesion  and  hurry  the  complete  heaUng. 

The  phenomena  of  heahng  can  best  be  pictured  to  you  by 
comparing  it  to  the  use  of  salvarsan  in  somewhat  similar  long 
standing  and  untreated  luetic  skin  lesions. 

In  some  cases  the  administration  of  the  drug  causes  a  tingling, 
pricking  sensation  in  the  granuloma,  immediately  after  the 
injection,  and  ofttimes  an  excess  of  mucoid  secretion  occurs  for 
the  first  few  days.  Scabbing  over  of  the  surface  takes  place 
wherever  the  raw  surfaces  are  in  apposition,  and  thin  crusts 
form  around  the  periphery  of  open  areas. 

Results 

Of  our  11  personally  observed  cases,  8  are  healed.  As  this 
is  but  a  preliminary  report  we  will  omit  history  resume  and 
tabulate  them  in  the  following  table.  Following  the  advice  of 
Vianna  we  have  persisted  in  giving  all  patients  a  course  of  injec- 
tions after  complete  healing  has  been  accomplished  to  prevent 
the  possibility  of  recurrence. 
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GRANULOMA  INGUINALE' 

By  ALEX.\NDER  RANDALL,  F.A.C.S.,  JAMES  C.  SMALL,  M.D., 

AND 

WILLIAM  P.  BELK,  M.D.,  Philadelphia 

From  the  wmrcb  and  laboratories  oi  the  PhiUdelphla  General  Hospital 


FOLLOWING  the  illustrated  report  in 
May,  1920,  by  Symmers  and  Frost 
(18)  of  the  finding  of  two  cases  of 
granuloma  inguinale  in  Bellevue  Hospital, 
\e\v  York,  we  were  inclined  to  feel  that  simi- 
lar cases  had  been  seen  in  this  vicinity,  espe- 
cially in  the  wards  of  the  Philadelphia 
General  Hospital. 

Beginning  January  i,  1921,  a  search  was 
instituted  with  the  startling  result  that  five 
men  and  Iwo  women  were  found  at  that  time 
in  the  wards  suffering  from  granuloma 
inguinale  in  its  varying  forms.  Clinical 
-tudies  and  laboratory  investigations  were 
larted  at  once,  and  we  wish  herein  to  report 
the  results  of  these  preliminary  studies  carried 
on  during  the  past  7  months.  Subsequent 
admissions  have  raised  the  total  number  of 
cases  to  sixteen. 

INCIDENCE  OF  THE   DISEASE 

There  is  not  the  slightest  doubt  that  this 
>upposedly  tropical  disease  has  been  endemic 
in  the  vicinity  of  Philadelphia  for  the  past 
50  years  at  least.  In  the  accurate  recollec- 
tions of  men,  both  physicians  and  ward 
attendants,  who  have  been  in  charge  of  the 
genito-urinary  services,  the  condition  has 
been  recognized,  though  wrongly  diagnosetl, 
for  the  past  25  years.  We  have  been  fortunate 
in  acquiring  some  photographs,  made  for  the 
late  C)rville  Horwitz.  showing  similar  lesions 
that  he  was  familiar  with  during  his  long 
ervices  in  the  hospital,  though  again  mas- 
i|ucrading  under  a  mistaken  diagnosis. 

It  is  conservative  to  say  that  15  or  more 
patients  are  admitted  to  this  hospital  yearly 
>u tiering  from  this  disease.  They  receive 
some  treatment,  gain  some  improvement, 
leave  the  institution;  and  it  has  been  the 
experience  of  those  in  charge  that  the  ma- 
jority return  because  of  a  recurrence  of  the 
condition  within  the  following  2  years.    The 


varying  manifestations  of  the  disease  do 
not  always  place  them  in  the  genito-urinary 
wards,  and  patients  have  been  observed  in 
the  dermatological,  surgical,  gynecological, 
and  obstetrical  wards.  That  the  condition 
is  endemic  elsewhere  in  the  country  is  practi- 
cally assured.  Lippincott,  of  Camden,  has 
furnished  us  with  one  of  our  cases  and  has 
seen  others  since  its  recognition.  Ross,  of 
Richmond,  has  a  group  of  cases  found  in 
Robert  Bryan's  clinic.  Geraghty,  of  Balti- 
more, reports  that  he  has  seen  the  condition 
repeatedly  in  the  Hopkins  clinic.  Walker 
(19)  reports  a  case  seen  in  San  Francisco, 
though  an  importation  of  the  disease  ac- 
quired in  South  America.  Campbell  has 
recently  reported  cases  from  Bellevue  Hos- 
pital, New  York,  with  the  citation  of  cases 
reported  from  other  parts  of  the  country. 

HISTORY 

The  most  complete  study  of  the  condition 
exists  in  the  work  of  Aragao  and  Vianna  (2), 
of  Rio  Janerio,  where  the  disease  has  been 
present  constantly  and  recognized  for  a  num- 
ber of  years.  Rio  Janerio  is  in  a  southern 
latitude  corresponding  to  a  point  between 
Florida  and  Cuba  in  the  northern  hemisphere. 
Within  these  geographical  limits  the  condition 
has  been  met  with  repeatedly  and  hence  the 
erroneous  assumption  that  it  is  a  tropical 
disease  has  prevailed.  Its  peculiar  pre- 
dilection for  the  negro  has  possibly  made  this 
assumption  seem  more  of  a  fact. 

The  literature  contains  numerous  scattered 
observ-ations  relative  to  the  clinical  asptKrts 
of  small  groups  of  cases  of  granuloma  in- 
guinale or  the  use  of  tartar  emetic  intra- 
venously in  its  treatment.  Cummings  (7) 
treatetl  a  patient  with  antimony  and  po- 
tassium tartrate  intramuscularly.  Hoffman 
(10)  has  published  a  recent  clinical  study  from 
Germany  treating  his  observed  cases  intra- 
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venously.  Reed  and  Wolf  (15)  have  en- 
countered the  disease  in  New  Orleans  and 
have  successfully  treated  it  with  antimony 
intravenously.  Cuthbert  (8)  reports  a  case 
from  England  similarly  treated.  Aragao  (i) 
in  a  recent  article  brings  his  bacteriological 
studies  up  to  date,  claiming  that  though  the 
organism  originally  described  by  Donovan  is 
easily  found  in  smears  and  is  pathognomic, 
yet  it  has  never  been  cultivated.  Campbell 
(4)  reports  three  further  patients  observed  in 
Bellevue  Hospital. 

The  use  of  antimony  and  potassium 
tartrate  (tartar  emetic)  as  an  intravenous 
medicament,  has  been  gaining  ground  rapidly. 
Aragao  and  Vianna,  in  191 2,  were  the  first  to 
point  out  its  value  and  almost  specific  action 
in  granuloma  inguinale.  Recent  literature 
contains  numerous  references  to  its  use  and 
beneficial  action  in  bilharziasis  (17,  11,  14), 
filariasis  (12),  gangosa  (6),  cachar  sore  (16), 
malaria  (3),  leishmaniasis  (5)  and  trypan- 
osomiasis (5).  The  future  seems  brilliant 
for  this  erstwhile  popular  and  almost  dis- 
carded drug  with  the  possibility  of  other 
synthetic  compounds. 

Our  first  presentation  of  patients  was  on 
January  24,  1921,  before  the  Philadelphia 
Urological  Society,  with  subsequent  public 
expositions  of  the  progress  of  the  work  as 
follows:  Philadelphia  Urological  Society, 
March  28,  1921;  American  Association  of 
Genito-Urinary  Surgeons  (Richmond,  Vir- 
ginia) May  3,  1 92 1,  and  the  Philadelphia 
Pathological  Society,  May  26,  192 1.  We  like- 
wise published  a  preliminary  report  in  the 
Journal  of  Urology  June,  192 1. 

CHARACTER   OF   LESIONS 

The  usual  history  is  that  the  lesion  started 
as  a  small  papule,  non-inflamatory,  which 
after  rupture  and  the  exudation  of  slightly 
purulent  fluid,  refused  to  heal,  and  exhibited 
progressive  tendencies  toward  slow  prolifera- 
tion and  spreading.  The  typical  lesion 
(especially  seen  when  involving  the  inguinal 
region),  is  a  flesh-red,  exuberant,  over- 
growth of  soft  granulation  tissue.  A  wire  loop 
for  making  cultures  can  be  pushed  into  this 
soft  tissue  to  the  depth  of  several  millimeters. 
It  has  absolutely  no  similarity  to  an  ulcer, 


with  its  eroding,  undermining  edges,  and 
necrotic  base.  The  center  of  the  granuloma 
appears  slightly  depressed,  and  there  is  cer- 
tainly a  destructive  action  present,  but  the 
edges  are  redundant  and  overlap  the  appar- 
ently healthy  skin  margin  to  the  height  of  6 
to  8  millimeters.  Exudate  is  scant,  mucoid 
in  character,  of  a  non-offensive  odor,  and  when 
wiped  with  gauze  is  easily  removed,  leaving  a 
clean,  red,  bleeding  surface,  similar  in  every 
respect  to  a  large  area  of  healthy  granulation 
tissue  as  seen  in  clean  surgical  wounds. 
This  picture  varies  according  to  the  duration 
size,  and  location.  The  older  lesions  show  at 
times  tendencies  toward  cicatrization  at  some 
points,  while  spreading  in  others,  but  this 
occurs  only  when  flat,  non-chafing  surfaces 
are  involved.  Large  lesions,  especially  those 
of  the  perineum,  become  bulbous,  simulating 
condylomata  acuminata,  with  large  rounded 
heads  of  new-growth,  the  heads  ofttimes  with 
pearly  white  surfaces  of  epithelization,  and 
deep  crypts  with  raw  granulomatous  surfaces. 
Secondary  infection  here  causes  the  clean, 
odorless  character  to  change. 

As  indicated  by  the  name,  the  most  fre- 
quent location  is  in  the  groin  spreading 
upward  as  far  as  the  anterior  superior  spine 
and  downward  through  the  fold  of  the 
groin,  frequently  involving  the  perineum,  and 
in  some  cases  following  the  fold  of  the  nates 
and  spreading  to  the  buttocks.  Prepucial 
lesions  are  likewise  frequently  associated  and 
at  times  primary,  and  involvement  here  has 
given  us  the  most  destructive  picture  with  a 
gradual  erosion  of  the  glans  and  even  the  shaft 
of  the  penis.  In  the  male  we  have  had  4 
cases  where  the  lesion  was  limited  to  the 
groin  alone:  2  cases  of  penile  involvement; 
I  limited  to  the  anal  region  alone;  and  the 
remainder  with  multiple  involvement  includ- 
ing the  perineum. 

In  the  female  the  labia  majora  suffer  most, 
though  groin  lesions  are  again  characteristic; 
and  once  the  external  genitalia  become  in- 
volved, the  entire  vulvoperineal  region 
suffers  and  the  spread  is  the  same  as  in  the 
male.  We  have  observed  extension  in  two 
cases  into  the  vagina  and  rectum.  The  labia 
swell  enormously  and  become  almost 
elephantine. 
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In  certain  patients  the  history  apparently 
points  to  a  granuloma  infection  superimpose<l 
upon  a  prior  existent  genital  lesion. 

SYUPTOMS 

'iiu-  p;ilifnt  has  few  subjective  symptoms. 
They  sulTcr  no  pain  or  discomfort  unless  the 
involvwl  areas  are  so  placed  as  to  cause  chaf- 
ing. The  granuloma  is  practically  painless 
to  the  touch,  and  only  deep  j)inching  up  of  the 
mass  will  cause  suffering.  Practically  all  of 
our  patients  have  shown  a  marked  degree  of 
secondary  ana-mia,  but  there  has  been  a  com- 
plete absence  of  pyrexia,  chill,  leucocytosis, 
throbbing,  lassitude,  or  the  usual  concom- 
itants of  infectious  processes.  Their  blood 
counts  show  a  decrease  in  red  cells  com- 
measurate  to  their  anaemia.  No  leucocytosis, 
eosinophilia  or  other  characteristic  change 
has  been  observed  in  the  white  blood  cells. 
Fragility  tests  and  blood-platelet  counts  arc 
likewise  normal. 

VVassermann  tests  have  been  negative  with 
a  few  exceptions  where  undoubtedly  a  double 
infection  has  been  present,  and  in  these 
energetic  antiluetic  treatment  has  been  de- 
void of  effect  upon  the  granuloma,  and  no 
other  evidence  of  lues  has  been  present 
(where  the  Wa.sscrmann  test  was  positive) 
except  a  history  of  prior  infection. 

RACE 

All  of  our  cases,  with  one  exception,  have 
occurred  in  the  negro.  The  one  exception  is 
that  of  a  white  male,  in  whom  the  lesion  has 
likewise  been  atypical,  simulating  a  phago- 
denic  chancroidal  sore  with  ragged  ulcerated 
edges.  His  bacteriological  examination  was 
positive  and  he  may  be  harboring  a  double 
infection.  He.  however,  has  responded  to 
treatment  slowly,  and  healing  has  progressed 
under  specific  treatment  with  antimony, 
after  being  entirely  rebellious  to  arsenic  and 
all  IcKul  applicatit)ns,  though  it  must  be 
rccordetl  that  complete  and  permanent  cure 
has  not  been  obtained  in  his  case  to  date. 

DUGNOSIS 

We  have  based  our  diagnosis  on  the  fairly 
characteristic  clinical  pictures,  and  also  espe- 
cially on  the  bacteriological  findings  of  the 


specific  organism.  This  latter  is  done  by 
making  smears  from  the  exuding  surface,  in 
which  will  be  found  numerous  large  mononu- 
clear plasma  cells  the  protoplasm  of  which,  on 
proper  staining,  will  be  found  studded  with 
the  characteristic  cncapsulateti  bacillus  orig- 
inally described  by  Donovan.  The  thera- 
peutic result  from  the  use  of  antimony  intra- 
venously may  likewise  be  taken  as  indicative 
of  the  accuracy  of  the  diagnosis,  for,  after 
three  or  four  administrations,  the  organism 
disappears  entirely  from  the  surface  and 
cannot  be  found  in  the  smears,  and  healing 
promptly  follows. 

That  the  condition  has  been  constantly 
present  in  the  hospital  wards  of  this  vicinity 
carries  with  it  the  necessity  that  it  has  mas- 
queraded under  other  and  faulty  diagnoses. 
Many  have  been  considered  chancroidal  sores 
to  which  it  bears  no  relation  (except  where 
secondarily  infected  as  in  the  perineal 
lesions),  for  the  ulcerated,  undermined  edges 
and  the  foul  purulent  discharge  are  absent. 
Tertiary  syphilis  with  its  varying  mani-  , 
festations  has  claime<l  others,  especially  be- 
fore the  days  of  the  Wassermann  test  and 
arsenic  therapy.  Condylomata  acuminata, 
especially  when  seen  in  the  female,  may  have 
been  confusing,  while  condylomata  lata  bear 
close  resemblance  to  the  lesion  of  granuloma 
when  the  latter  occur  about  the  anus  (see 
Case  6). 

In  our  genito-urinary  wards,  the  diagnosis 
has  been  for  the  past  two  decades  tuberculosis 
cutis,  and  this  I  find  was  what  the  late  Orville 
Horwitz  considered  it.  A.  A.  Uhle,  shortly 
before  his  death,  was  interested  in  the 
etiology  of  these  cases,  and  in  conjunction 
with  Randle  Rosenberger  undertook  some 
investigations  in  an  attempt  to  establish  the 
tuberculous  nature  of  the  lesion  but,  failing 
to  demonstrate  to  their  satisfaction  that  this 
infection  was  present,  carried  the  work  no 
further.  Its  similarity  to  lupus  and  the 
improvement  under  X-ray  therapy  was  al- 
ways held  as  the  sole  argument  in  favor  of  this 
diagnosis. 

Any  pudendal  sore,  resistant  to  the  or- 
dinary surgical  anti.septics,  unimproved  by 
arsenical  therapy,  of  long  duration,  and  espe- 
cially when  devoid  of  pain,  should  be  searched 
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Fig.  I.  Smear  from  lesion.  Wright's  stain,  x,  800. 
Donovan's  organisms  in  and  about  mononuclear  cells.  A 
rounded  "nest"  of  non-encapsulated  organisms  appears 
in  the  disintegrating  cytoplasm  of  one  of  the  cells. 

for  the  specific  organism  of  granuloma  in- 
guinale and  given  the  advantage  of  antimonial 
treatment. 

BACTERIOLOGICAL   METHODS   AND   DIAGNOSIS 

Direct  smears  from  the  lesions,  properly  pre- 
pared and  stained,  constitute  a  very  reliable 
method  of  diagnosis.  The  material  is  best 
collected  by  means  of  a  stiff  inoculating  wire 
loop  which  can  be  inserted  quite  deeply  into 
the  friable  granulations  of  the  lesions,  rotated 
gently  and  withdrawn  quickly  in  order  to 
bring  an  inoculum  from  the  deeper  parts. 
Surface  contamination  can  be  minimized  by 
first  sponging  off  any  surface  exudate  with 
sterile  gauze.  Suitable  material  for  diagnostic 
smears  may  be  obtained  also  on  small  cotton 
swabs  from  such  a  cleansed  surface  of  the 
lesion,  but  where  cultures  are  to  be  attempted 
material  from  the  deeper  parts  of  the  lesion  is 
to  be  desired.  Thin  spreads  of  this  material 
are  essential.  These  are  dried  quickly  in  air 
and  stained  either  by  the  Wright's  or  the 
Giemsa  method.  Wright's  staining  is  the 
more  rapid  and  has  given  satisfactory  results. 
The  proper  differentiation  of  the  stained  smear 
in  distilled  water  is  the  chief  technical  diffi- 
culty. Even  with  the  most  intense  staining 
this  differentiation  should  not  be  carried  out 
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Fig.  2.  Smear  from  lesion;  Wright's  stain,  x,  1200. 
Intact  mononuclear  cell  showing  cytoplasm  studded  with 
Donovan's  organisms — capsules  narrow  or  absent. 

for  more  than  15  or  20  seconds.  Overdifferen- 
tiation  completely  decolorizes  the  capsules  of 
the  organisms;  while  underdifferentiation 
fails  to  bring  out  detail  and  contrast  between 
the  body  proper  and  the  capsule. 

The  best  staining  results  show  the  organ- 
isms as  small,  rounded,  pink  bodies  with  a 
dark  blue  coccoid  body  in  the  center;  or, 
more  frequently  as  oval  pink  bodies  with  a 
blue  bacillary  or  diplococcoid  body  occupying 
the  longitudinal  axis.  The  pink  outer  zone  is 
a  wide  capsule.  The  dark  blue  central  bodies 
represent  metachromatic  granules  within  the 
body  proper.  The  true  outline  of  the  body 
proper  can  be  studied  only  after  the  capsule 
has  been  entirely  decolorized. 

In  stained  preparations  from  the  lesions, 
some  areas  will  show  organisms  with  the 
capsules  stained  a  pale  blue  and  with  ob- 
scurely differentiated  central  bodies;  other 
areas  will  show  well-defined  dark  blue  meta- 
chromatic granules  surrounded  by  a  pink 
capsule;  and  still  other  areas  where  the 
capsules  have  been  entirely  destained  and  in 
which  the  organisms  appear  as  short,  thick 
bacilli  with  blunt,  rounded  ends  occupied  by 
the  dark  blue  metachromatic  granules,  pre- 
senting a  true  bipolar  stained  appearance 
with  the  intervening  body  shaft  stained  a  pale 
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Fig.  3.  Preparation  from  acid  dextrose  agar  culture; 
Wright's  stain,  x,  uoo.  Capsules  stained,  typical  mor- 
phology. 

blue.  Always  a  few  organisms,  usually 
shorter  than  those  just  described,  are  seen  to 
stain  solidly  a  deep  blue. 

The  organisms  are  found  within  the  cyto- 
plasm of  large  mononuclear  cells.  In  such 
they  either  have  well-tiefined  capsules,  or 
apj>ear  in  nests  occupying  a  rounded  area 
within  the  cell  and  revealing  no  capsules. 
Within  these  nests  the  bipolar  staining  may  at 
times  be  observed.  The  polymorphonuclear 
leucocytes  do  not  contain  encapsulated  forms. 
Encapsulated  organisms  may  appear  free,  or  in 
relation  to  cellular  detritus,  chiefly  in  groups 
and  in  the  neighborhood  of  large  naked 
nuclei  of  disintegrating  mononuclear  cells. 

Smears  from  the  lesions  are  remarkably 
sparse  in  other  bacteria  as  compared  with 
smear  preparations  from  the  other  types  of 
ulcerative  lesions  about  the  genitalia.  Staph- 
ylococci, streptococci,  diphtheroid  bacilli, 
and  bacilli  of  the  morphology  and  staining 
characters  of  the  colon  group  may  be  observed 
widely  scattered,  or  grouped  within  the 
polymorphonuclear  leucocytes. 

Cultures  from  the  lesions.  Material  col- 
lected from  the  lesions  has  been  inoculatcxl  on 
various  types  of  media  and  grown  under  dif- 
ferent conditions.  In  the  cases  of  three  pa- 
tients an  organism  has  been  obtained,  which. 


Fig.  4.  V'oung  broth  culture;  Wright's  stain,  x,  800. 
Bipolar  staining  and  solid  staining  of  organisms.  N'o 
capsules. 

in  stained  preparations  from  the  cultures, 
resembles  the  organisms  seen  in  the  mononu- 
clear cells  in  stained  preparations  of  the 
exudate  directly  from  the  lesions.  Failure  to 
obtain  this  organism  in  cultures  from  ail  the 
lesions  as  well  as  subsequent  failure  to  produce 
chronic  lesions  in  animals  by  inoculation  of  the 
organisms,  has  led  us  to  study  carefully  the 
different  bacteria  growing  in  cultures  from  the 
lesions.  The  general  plan  of  this  study  will 
be  mentioned  later. 

Aragao  and  Vianna  (2)  called  attention  to 
an  organism  grown  in  three  of  seven  granu- 
loma lesions  studied,  and  described  it  under 
the  name  of  calymmatobacterium  granulo- 
matis.  Their  description  of  this  organism 
places  it  within  the  group  of  gram-negative 
encapsulated  bacilli  and  does  not  differentiate 
it  from  the  bacillus  mucosus  capsulatus  group 
sufficiently  to  warrant  its  separate  classifica- 
tion and  new  nomenclature.  They  presented 
this  organism  as  the  specific  causative  agent 
of  granuloma  inguinale  on  rather  incomplete 
evidence.  Since  then  one  of  them  (Aragao.  i) 
has  reported  further  studies  with  the  conclu- 
sion that  the  organism  described  by  them  in 
cultures  is  not  the  causative  agent  of  the 
disease,  stating  further  that  the  sjxrific 
organism  has  not  been  culturetl.  Walker  (19) 


SURGERY,   GYNECOLOGY  AND   OBSTETRICS 


in  one  case  isolated  a  gram-negative,  en- 
capsulated bacillus.  He  was  unable  to  pro- 
duce chronic  granulomatous  lesions  in  animals, 
nor  in  several  instances  in  men.  Lynch  (13) 
has  grown  an  organism  in  his  cases  but  does 
not  describe  it. 

In  our  study,  plate  cultures  have  been 
made  on  acid  dextrose  agar  (Ph.  6.6)  and 
infusion  blood  agar  (Ph.  7.4)  by  surface 
inoculation  and  incubated  at  37° C.  Material 
from  the  lesions  has  also  been  inoculated 
heavily  into  tubes  containing  about  5  cubic 
centimeters  of  peptone  water.  From  such 
tubes  after  several  hours'  incubation  at  37°  C, 
anaerobic  and  partial  oxygen  tension  cultures 
have  been  made.  Plate  cultures  on  Sabour- 
auds  medium  have  been  carried  at  20°  C.  for 
long  incubation  periods  and  studied  for  molds 
and  yeasts. 

In  all  cultures  search  was  made  first  for 
organisms  which,  when  stained  with  Wright's 
stain,  might  present  any  of  the  distinctive 
staining  and  morphologic  characters  of  the 
organisms  uniformly  found  in  the  direct 
smear  preparations  from  the  lesions.  This 
required  the  isolation  of  organisms  in  pure 
culture  and  growth  in  many  subcultures  in 
order  that  the  morphology  and  staining 
properties  might  be  observed  for  the  growths 
of  the  particular  organism  on  various  kinds 
of  media.  Where  an  organism  of  the  encap- 
oulated,  gram-negative  bacillus  group  was 
ssolated,  the  strain  was  preserved  to  be  sub- 
jected to  detailed  bacteriological  study.  The 
finding  of  such  a  strain  did  not  modify  the 
more  tedious  study  of  the  morphology  and 
staining  properties  of  the  other  organisms 
appearing  in  the  primary  cultures  from  any 
particular  patient.  The  protean-staining  re- 
sults with  a  Romanowsky  stain  are  soon  very 
well  appreciated  when  it  is  employed  in  such 
a  study  of  bacteria.  Repeated  stained  prep- 
arations of  an  organism  are  frequently 
necessary  in  order  to  exclude  these  aberrant 
results  which  may  present  appearances  sug- 
gestive of  the  metachromatic  staining  con- 
stantly observed  in  the  Donovan  organisms 
of  the  direct  smears  from  granuloma  lesions. 
The  organisms  found  to  present  these  staining 
characters,  with  any  degree  of  consistency, 
were    next    subjected    to    tests    planned    to 


demonstrate  the  effect  of  tartar  emetic  upon 
their  growth  in  suitable  media  in  the  test 
tube.  If  any  appreciable  inhibitory  effect 
was  noted,  animals  were  inoculated  intra- 
peritoneally,  cutaneously,  and  subcutane- 
ously.  The  general  plan  of  this  animal 
experimental  work  was  first  to  inoculate 
large  doses  of  the  culture  intraperitoneally 
into  white  mice.  At  2,  4,  and  6  hours  after 
inoculation,  stained  preparations  of  the  peri- 
toneal exudate  were  made  to  determine,  first, 
the  character  of  the  cellular  reaction  (whether 
mononuclear  or  polymorphonuclear) ;  second , 
the  type  of  cell  phagocytosing  the  bacteria 
injected;  third,  to  study  the  morphology  and 
staining  of  the  bacteria  as  they  occurred  free 
in  the  exudate  or  included  in  the  cells;  and 
fourth,  to  gain  some  idea  of  the  pathogenicity 
of  the  organism  for  white  mice.  In  some 
instances  guinea  pigs  were  used  also  in  the 
same  manner  as  the  mice. 

Animals  inoculated  cutaneously  and  sub- 
cutaneously  were  observed  over  long  periods 
for  the  development  of  lesions,  which  latter 
appearing  were  studied  from  time  to  time  by 
means  of  stained  smears  and  by  cultures. 

By  employing  the  above  methods  in  the 
cases  of  12  patients,  in  all  of  whom  the 
Donovan  organisms  were  found  in  the  direct 
smears  from  the  lesions,  we  have  obtained  an 
organism  in  culture  closely  resembling  these 
bodies  in  three  instances.  These  organisms 
have  proved  to  be  encapsulated  bacilli  of  the 
bacillus  mucosus  capsulatus  group,  and  very 
probably  correspond  to  the  organisms  re- 
ported by  other  workers  in  cultures  from  simi- 
lar lesions.  They  grow  freely  on  all  the  ordi- 
nary culture  media  and  their  growth  is  favored 
by  an  acid  reaction.  The  acidity  of  the  media 
may  be  increased  to  a  point  where  the  growth 
of  the  ordinary  contaminating  bacteria  is 
markedly  inhibited  before  any  appreciable 
inhibition  of  the  growth  of  this  organism  is 
observed.  This  is  especially  true  if  a  simple 
carbohydrate  is  added  to  the  media. 

The  surface  growth  of  these  organisms  is 
quite  characteristically  that  of  the  Fried- 
laender  bacillus.  The  colonies  appear  as 
slightly  gray-white,  translucent,  glistening, 
dome-shaped  elevations  on  round  regular 
bases  from  i  to  3  millimeters  in  diameter. 
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When  touched  with  an  inoculating  wire  they 
appear  quite  viscid,  having  the  appearance 
ind  consistency  of  thin  starch  paste.  By 
transmitted  light  they  arc  translucent  and 
have  a  slightly  l)rownish  tinge.  They  are 
usually  the  largest  colonies  appearing  in  the 
mi.xed  primary  cultures  and  are  very  readily 
recognized.  In  subcultures  the  growth  is 
profuse  on  all  the  simpler  laboratory  media 
and  the  growth  on  agar,  gelatin,  or  coagulated 
blood  serum  does  not  differ  essentially  from 
that  describe<l  above.  In  fluid  media  diffuse 
turbidity  develops  with  a  surface  ring  of 
growth  tending  to  adhere  to  the  sides  of  the 
tube  and  to  climb  slightly  above  the  level  of 
the  liquid.  Later  sedimentation  occurs. 
Growth  is  profuse  even  in  i  per  cent  peptone 
water.  In  litmus  milk,  there  is  acid  formation 
and  coagulation  within  24  hours.  On  potato 
growth  is  abundant,  moist  and  brown,  with 
decided  blackening  of  the  potato. 

In  stained  smears  preferably  from  the  acid 
glucose  agar  cultures,  wide  capsules  are  easily 
demonstrated,  so  that  the  organisms  appear 
as  do  the  Donovan  organisms  in  the  exudate 
from  the  lesions.  In  the  stained  smears  from 
broth  cultures,  the  capsules  are  not  demon- 
strated, the  organisms  appearing  as  short, 
plump  bacilli,  exhibiting  irregular  staining, 
for  the  most  part  showing  a  dark  area  at 
cither  pole,  with  a  pale,  intervening  area.;  In 
old  cultures,  especially  in  a  medium,  contain- 
ing a  carbohydrate  which  has  fermented  with 
ik-cided  acid  production,  long  forms  are  found, 
Ihese  forms  also  stain  irregularly,  presenting 
(lark  blue,  banded  areas,  alternating  with  pale 
■reas  throughout  the  length  of  the  organism. 

The  organism  is  a  gram  negative,  nonT 
motile,  non-sporulent,  encapsulated  bacillus, 
which  shows  metachromatic  granules  as  well 
as  capsules  with  Romanowsky  staining.  It 
does  not  liquefy  gelatin  or  coagulate  serum. 
Freshly  isolated  cultures  ha-molize  blood. 
Milk  is  coagulated  and  acidified.  Indol  is  not 
liroducal.  The  organism  ferments  dextrose, 
IcN-ulose,  lactose,  galactose,  saccharose,  mal- 
tose, mannit,  arabinose,  .salicin,  inulin.  and 
dextrin.  It  does  not  ferment  dulcit  nor  rice 
larch. 

Repeated  cultures  have  failed  to  yiekl  this 
organism  in  the  other  patients,  so  that  a 


thorough  search  of  the  bacteria  growing  in  all 
the  primary  cultures  was  conductetl  to 
determine  whether  among  the  colonies  grow- 
ing there  might  be  organisms  showing  other 
gross  cultural  characters,  but  which  might 
upon  proper  staining  show  some  of  the 
characteristics  of  the  Donovan  bodies.  Many 
strains  of  different  bacteria  have  been  isolated 
because  of  some  suggestive  staining  property 
with  the  Wright's  stain  and  a  number  of  these 
have  been  carried  through  to  animal  inocula- 
tion for  the  purpose  of  studying  the  appear- 
ance of  the  particular  organism  in  the  animal 
exudates.  In  no  instance  was  found  an  organ- 
ism which  tendetl  to  occur  in  the  mononu- 
clear cells,  although  in  many  such  exudates 
when  examined  within  6  hours  after  inocula- 
tion there  appeared  considerable  numbers  of 
mononuclear  cells.  The  morphology  of  Dono- 
van organisms  was  not  approximated  by  any 
of  the  organisms  examined  in  these  exudates, 
except  by  the  three  strains  of  encapsulated 
bacilli  as  mentioned  above. 

Animal  inoculations.  The  three  strains  of 
encapsulated  bacilli  isolated  from  granuloma 
lesions  have  been  studied  in  detail  by  experi- 
ments in  which  six  strains  of  the  bacillus 
mucosus  capsulatus  group  (Friedlacnder's) 
isolated  from  the  throats,  sputum,  and  em- 
pyema fluid  of  patients  in  this  hospital  have 
been  carried  in  parallel  experiments.  These 
experiments  will  be  reported  in  a  subsequent 
paper;  we  simply  say  at  this  time  that  these 
studies  have  failed  to  show  any  distinctive 
properties  which  might  serve  to  differentiate 
the  strains  of  granuloma  origin  from  those  of 
respiratory  origin.  Lesions  produced  inexpcri- 
mental  animals  with  strains  of  granuloma 
origin  may  just  as  easily  be  produced  with 
strains  of  respiratory  origin  and  in  our 
experience  the  lesions  appear  identical. 

Experiments  with  strains  of  granuloma 
origin.  Intraperitoneal  inoculations  of  mice 
and  guinea  pigs  have  proved  rapidly  fatal. 
The  exudate  when  examined  early,  2,  4,  and 
6  hours  after  inoculation,  shows  a  mononu- 
clear cell  reaction;  later  the  polymorphonu- 
clear cells  predominate.  The  bacteria  occur 
for  the  most  part  free  in  the  fluid  and  present 
wide  capsules.  They  resemble  the  Donovan 
bodies  with  well-tlevelopetl  capsules.     Some 
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when  superimposed  on  the  mononuclear  cells 
are  very  characteristic,  but  the  rounded  nests 
of  bacteria,  showing  only  narrow  capsules  or 
no  capsules,  lying  unmistakenly  within  the 
mononuclear  cell  cytoplasm,  have  in  no 
instances  been  observed. 

Cutaneous  inoculations  of  mice,  guinea 
pigs,  rabbits,  cats,  and  dogs  have  invariably 
failed  to  produce  lesions.  Abraded  skin  areas 
over  the  arm  of  an  adult  coloral  male  (Case  1 2) 
were  inoculated,  (a)  with  granuloma  strain 
I;  (b)  with  granuloma  strain  II;  (c)  with  a 
strain  of  Friedlaender's  bacillus  of  mouth  ori- 
gin; and  (d)  with  sterile  normal  salt  solution. 
These  were  observed  for  a  period  of  19  days 
before  the  treatment  with  tartar  emetic  was 
started.  All  crusted  over  and  healed  promptly.' 

Subcutaneous  inoculations  of  guinea  pigs, 
cats,  and  dogs  have  failed  to  produce  lesions. 
Subcutaneous  inoculations  of  mice  have  at 
times  resulted  in  the  death  of  the  animal  from  a 
generalized  infection;  at  other  times  in  abscess 
formation  which  healed  promptly  either  with 
or  without  breaking  down  with  ulcer  formation. 

Subcutaneous  inoculations  of  rabbits  with 
I  cubic  centimeter  of  broth  culture  of  the 
organisms  have  produced  focal  lesions.  Be- 
ginning as  firm,  indurated  masses,  they 
appeared  after  7  to  10  days  as  large  doughy 
abscesses.  These  might  point  in  one  or  more 
places,  breaking  down  to  form  well-defined 
ulcers  in  the  depths  of  which  appeared  the 
tough,  cheesy,  necrotic  material  which  we 
have  come  to  regard  as  the  typical  contents 
of  abscesses  produced  experimentally  in  rab- 
bits by  the  Friedlaender  bacillus.  These 
abscesses  drained  imperfectly  through  the 
spontaneous  openings.  Firm  pressure  on  the 
abscess  adjacent  to  the  ulcer  expressed  the 
necrotic  material  and  tended  to  produce  some 
bleeding  from  the  margin  as  well  as  from  the 
depths  of  the  ulcer.  Evacuation  of  this  ma- 
terial hastened  healing.  Left  to  themselves 
these  lesions  would  heal  slowly,  the  necrotic 
material  being  in  part  thrown  off  and  in  part 
absorbed.  The  lesions  always  healed  spon- 
taneously in  from  3  to  7  weeks  after  inocu- 
lation. In  the  necrotic  material  and  from  the 
granulations  bordering  the  ulcer,  the  encap- 

'  Recently,  in  2  patients,  similar  inoculations  have  yielded  negative 
results. 


sulatcd  bacilli  could  be  demonstrated  by  smear 
and  culture.  In  the  smear  preparations  from 
the  granulating  border,  the  nests  of  bacteria 
within  mononuclear  cells  could  not  be  demon- 
strated. In  some  cases  the  typical  doughy 
abscess  would  not  rupture,  healing  taking 
place  after  absorption  of  the  necrotic  material. 
In  mice  and  rabbits,  some  experiments 
were  planned  with  the  view  of  attempting  to 
establish  symbolic  relations  in  an  experimental 
lesion  between  the  encapsulated  bacilli  of 
granuloma  origin  and  some  of  the  other  types 
of  bacteria  isolated  from  granuloma  lesions. 
Bacteria  of  the  staphylococcus,  colon,  and 
diphtheroid  group  were  used,  being  injected 
simultaneously  with  the  inoculum  of  the  en- 
capsulated bacillus.  The  lesions  produced  by 
the  encapsulated  bacilli  following  subcutane- 
ous injection  were  not  modified  by  this  method 
of  inoculation,  except  in  rabbits  when  injected 
with  staphylococcus  aureus,  with  which  abscess 
formed  more  promptly  and  always  ruptured 
spontaneously.  The  rate  of  healing  did  not 
appear  to  be  affected. 

HISTOPATHOLOGY 

Stained  sections  of  granuloma  inguinale 
show  a  superficial  cellular  area  surmounted 
on  a  base  of  dense,  hyaline,  connective  tissue. 
The  transition  is  rather  sudden,  but  no 
distinct  line  of  demarcation  separates  the  two 
elements.  The  cellular  area  is  composed  of  a 
young  connective  tissue,  relatively  small  in 
amount,  many  endothelial  leucocytes,  and  a 
smaller  number  of  polymorphonuclear  neu- 
trophiles.  The  proportion  of  the  latter 
varies  considerably,  appearing  most  numer- 
ous in  untreated  cases.  They  are  probably 
an  index  of  secondary  infection.  Many 
lymphocytes  are  also  present,  and  an  occa- 
sional eosinophile.  Blood-vessel  formation 
is  present  as  in  any  active  granulation  tissue. 
At  the  margin  of  the  granulation,  the  squa- 
mous epithelium  of  the  skin  is  seen  partially 
destroyed  and  replaced.  Further  out  this 
merges  into  normal  skin,  under  which, 
however,  the  subcutaneous  tissues  are  infil- 
trated for  a  little  distance  by  round  cells. 
This  would  indicate  that  the  lesions  extend 
somewhat  farther  than  would  appear  on 
superficial  inspection  of  the  granulating  area. 
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A  Iraluie  worthy  of  note  is  the  proliferation 
i)f  squamous  epithelium  near  the  etlges  of  the 
ranuloma,  where  finger-like  projections  ex- 
I  rnd  for  some  distance  into  the  deeper  tissues. 
In  some  cases  this  suggested  a  squamous-cell 
carcinoma. 

After  treatment  for  some  time  with  anti- 
mony injections,  the  dense  fibrous  tissue  is 
>een  to  have  replaced  the  granulations  to  a 
large  extent.  Small  collections  of  lympho- 
cytes remain  in  this  fibrous  growth,  and  a 
>maller  number  of  endothelial  cells.  Poly- 
morphonuclear cells  have  entirely  disappeared. 
A  bipolar  bacillus,  without  capsule,  has  been 
>tained  (by  Giemsa's  stain)  in  tissues,  and 
iliese  have  been  found  only  in  the  large  mono- 
nuclear cells.  The  encapsulated  organisms 
described  have  not  been  stained  in  tissues  in 
ihis  laboratory.  However,  smears  made  from 
the  tissues  immediately  prior  to  fixation,  or 
at  the  bedside  during  biopsy,  and  stained  with 
Wright's  stain,  showed  them  in  many  cases. 
Individual  pathological  studies  appear  with 
their  case  histories.  Sections  from  one  of  the 
ixperimcntal  animals  (Rabbit  3)  gave  the 
following:  Pieces  of  tissue  from  the  sub- 
cutaneous mass  in  abdominal  wall  were  Ibced 
in  4  per  cent  formalin  in  normal  sodium 
chioricle  and  in  Sthaudin's  fixative.  The  first 
were  stained  with  ha^matoxylin  and  eosin.the 
last  with  Giemsa's  stain.  On  examination, 
the  following  features  were  noted:  a  sparse 
growth  of  young  connective  tissue  supported 
a  very  cellular  mass,  the  cells  were  endo- 
ihelioid  and  polymorphonuclear  neutrophiles 
in  about  equal  numbers;  many  small  lym- 
jihocytes  and  an  occasional  eosinophile.  New 
bkMxl  vessels  were  rather  numerous,  and  con- 
siderable blood  was  present.  ALiny  small 
areas  of  necrosis  were  scattered  throughout. 
In  sections  stained  with  Giemsa's  stain  a  few 
coccoid  bodies  without  capsules  were  seen  in 
Mime  mononuclear  cells,  but  not  in  other 
phagocytes.  The  picture  was  strikingly 
similar  to  that  of  untreatetl  granuloma  le- 
sions in  man,  except  for  the  necrotic  areas. 

PROGNOSIS 

As  pointe<l  out  by  all  previous  writers  and 
substantiate<l  by  the  histories  of  cases  in  the 
Philadelphia  General  Hospital  in  years  gone 


by,  the  treatment  of  these  lesions  has  been 
most  <lisappointing  until  the  present  when 
antimony  therapy  was  first  instituted. 

Local  ajjplications  of  salves,  escharotics, 
and  antiseptics  do  no  good  whatsoever; 
vaccine  therapy  has  failed  consistently;  ex- 
cision is  followal  almost  uniformly  by  re- 
currence before  healing;  arsenic  is  of  no  bene- 
fit ;  and  X-ray  alone  has  been  somewhat  bene- 
ficial, causing  a  slow  cicatrization,  but  bec^iuse 
of  the  dangers  associated  with  its  use,  it  has 
been  possible  to  apply  it  only  once  every  3 
weeks,  and  therefore  requiring  on  an  average 
from  12  to  18  months  to  establish  healing. 
Even  with  X  ray  the  hospital  experience  in 
the  years  past  has  been  disappointing  and 
probably  at  least  50  per  cent  of  the  cases 
returned  with  recurrences. 

Some  of  our  present  cases  have  had  two  or 
more  admissions  in  passing  years  for  return  of 
their  lesions  after  apparent  complete  healing 
under  X-ray  therapy,  while  several  have  bt^n 
inmates  of  the  institution  for  so  long  that  they 
have  been  put  on  the  ho.spital's  pay-roll  and 
work  as  laborers  about  the  buikiings.  That 
the  condition  has  been  in  the  experience  of 
this  hospital  the  actual  cause  of  the  death  of 
the  individual  can  be  recalled  by  some  of  the 
older  ward  attendants,  though  not  experi- 
enced in  recent  years  since  X-ray  therapy  has 
been  used.  Our  personal  experience  is  limited 
to  the  amount  of  destruction  seen  in  Case  16, 
where  the  disease  is  known  to  have  existed  10 
years,  causing  a  complete  erosion  of  the  penis. 

With  the  proper  application  of  the  new 
antimony  therapy  the  prognosis  becomes 
extremely  goo(f,  for  the  brilliant  results  seen 
and  herein  recordetl  place  this  drug  as  one  of 
the  small  group  of  actual  specific  remtxlial 
agents  and  rapid  and  apparently  complete 
cures  can  now  be  expected . 

RESULTS 

Of  our  16  cases,  we  have  accomplished  a 
rapid  and  apparently  complete  cure  in  15. 
The  one  exception  is  the  case  of  a  white  male, 
before  mentioned,  whose  lesion  was  not  typi- 
cal, whose  organisms  were  not  entirely  char- 
acteristic, but  who  was  given  the  iulvantage 
of  the  treatment  when  all  other  administra- 
tions had  failed  over  a  period  of  7  months 
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He  has  shown  definite  improvement  (nowhere 
near  as  rapid  as  the  true  cases),  but  not  yet 
complete  healing  (Case  14).  We  have  had 
two  recurrences  (Cases  6  and  9) ,  both  due  to 
early  neglect  of  treatment  and  both  rapidly 
healed  on  re-administration  of  tartar  emetic. 
We  have  not  seen  in  a  single  case  any  alarm- 
ing symptoms  from  the  use  of  the  drug,  and 
though  the  abbreviated  case  reports  do  not 
allow  of  the  exposition  of  the  complete  case 
study,  suffice  it  to  say,  that  no  blood  or  urine 
changes  have  been  noted  as  evidence  of  its 
toxic  effect  or  to  contra-indicate  its  extensive 
use  as  a  therapeutic  agent.  The  brilliant  re- 
coveries that  these  patients  have  made  from 
conditions  of  years'  duration  and  manifold 
other  forms  of  therapy,  have  been  as  inspiring 
to  their  attending  physicians  as  they  have 
been  satisfactory  to  the  patients  themselves, 
who  have  appreciated  more  than  any  one  else 
their  first  permanent  relief  from  an  apparently 
incurable  condition.  Several  (Cases  2, 4,  and  5) 
who  were  markedly  anaemic  and  emaciated, 
have  shown  a  general  systematic  inprovement 
with  increase  in  haemoglobin  and  decided 
increase  in  body  weight. 

TREATMENT 

Following  Vianna's  work,  we  started  giving 
antimony  intravenously  in  the  form  of  tartar 
emetic.  The  initial  dose  of  0.04  gram  was 
used,  and  this  quickly  advanced  to  a  maximum 
dosage  of  o.io  gram.  Our  first  treatments 
were  given  daily  and  most  patients  tolerated 
this  until  about  ten  doses  had  been  given, 
but  nearly  all  after  that  amount  showed  some 
symptoms  of  intolerance  for  the  drug.  We 
then  began  intermitting  the  daily  dosage, 
governing  the  time  by  symptomatic  data.  This 
intolerance  consisted  of  rheumatoid  pains  in 
the  joints  associated  with  stiffness,  especially 
seen  in  the  early  morning  on  rising,  most 
frequently  located  through  the  shoulder 
girdle,  and  as  a  rule  wearing  off  during  the 
course  of  the  day.  There  have  not  been  in 
any  case  symptoms  of  an  alarming  character. 

The  drug  has  been  prepared  by  dissolving 
0.1  gram  in  10  cubic  centimeters  of  sterile 
normal  saline  solution  and  is  best  preserved 
in  sealed  sterile  ampules.  Intravenous  ad- 
ministration is  essential. 


The  typical  encapsulated  organisms  cannot 
be  demonstrated  in  smears  from  the  lesion 
after  the  second  or  third  dose  of  the  tartar 
emetic.  Healing  commences  within  48  hours 
after  the  first  administration,  and  from  then 
on  almost  daily  progress  can  be  appreciated. 
Epithelial  proliferation  starts  at  the  edges  and 
rapidly  spreads  inward,  while  often  isolated 
islets  of  epithelium  in  the  midst  of  the 
granuloma,  before  not  seen,  or  buried,  start 
proliferation  in  the  midst  of  the  lesion  and 
hurry  the  complete  healing. 

The  phenomena  of  healing  can  best  be 
pictured  by  comparing  it  to  the  use  of  salvar- 
san  in  somewhat  similar  long  standing  and 
untreated  luetic  skin  lesions. 

In  some  cases  the  administration  of  the 
drug  causes  a  tinghng,  pricking  sensation  in 
the  granuloma,  immediately  after  the  injec- 
tion and  ofttimes  an  excess  of  mucoid  secre- 
tion occurs  for  the  first  few  days.  Scabbing 
over  of  the  surface  takes  place  whenever  the 
raw  surfaces  are  in  apposition,  and  thin 
crusts  form  around  the  periphery  of  open 
areas. 

The  amount  of  drug  administration  neces- 
sary to  complete  a  cure  appears  to  be  com- 
measurate  with  the  extent  of  the  lesion  and 
the  amount  of  epithelization  necessary.  Penile 
and  groin  lesions  heal  rapidly,  while  vulval 
and  perineal,  apparently  on  account  of  the 
apposition  of  surfaces,  respond  more  slowly 
and  show  a  tendency  to  dry  and  scab  over  first 
thus  causing  slower  healing. 

Through  the  courtesy  of  Professor  John  J. 
Abel,  of  the  pharmacological  department, 
Johns  Hopkins  Medical  School,  we  had  placed 
in  our  hands  two  synthetic  antimony  com- 
pounds for  trial.  One  of  these  (sodium 
antimony  thioglycollate),  it  will  be  noted,  was 
used  in  Case  12,  with  brilliant  results,  and  a 
further  report  will  be  made  later. 

Our  simplest  case  required  but  four  doses 
for  complete  epithelization  of  an  area  the  size 
of  a  silver  quarter :  this  patient  then  neglected 
treatment  and  had  a  recurrence  6  weeks  later. 
The  highest  dosage  for  healing  was  in  one  of 
the  females  who  had  1.96  grams  of  the  drug 
in  32  injections.  Following  the  advice  of 
Vianna,  we  have  advised  all  our  patients  to 
persist  in  taking  weekly  injections  after  com- 
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pit'le  healing  for  at  least  1 2  doses  and  in  none 
adhering  to  this  procedure  have  we  observed 
a  recurrence. 

V\'e  wish,  in  closing  to  express  our  grati- 
tude to  three  of  the  resident  stafT  of  the 
Philadelphia  (Jeneral  Hospital;  Drs.  R.  Hratl- 
ley,  V.  V.  Bailey  and  P.  E.  Lueke,  for  their 
personal  interest  and  keen  attention,  which 
combined  with  technical  ability  of  high  de- 
gree in  handling  the  intravenous  metlication 
made  these  results  possible. 

CONCLUSIONS 

1.  Granuloma  inguinale,  long  considered 
a  tropical  disease,  is  endemic  in  the  temperate 
zone  of  the  United  States. 

2.  Its  diagnosis  is  dependent  on  (i)  the 
characteristic  local  lesion,  (2)  the  marked 
pnxlominance  in  the  negro  race,  (3)  and  the 
linding  of  the  specific  organism  originally 
described  by  Donovan. 

3.  These  organisms  we  have  demonstrated 
in  smears  from  granuloma  lesions  in  12 
patients  in  our  series  of  16.  In  the  other  4 
instances  laboratory  examinations  were  not 
made. 

4.  An  encapsulated  bacillus,  which  when 
stained  from  cultures,  resembles  this  organ- 
ism, has  been  isolatetl  from  3  of  the  12 
patients  studied  culturally.  This  bacillus  is 
a  member  of  the  bacillus  mucous  capsulatus 
group. 

5.  The  question  remains  as  to  whether  the 
organism  seen  in  smears  and  that  obtained  in 
cultures, which  appear  so  similar,are  identical 

6.  Abscesses  with  spontaneous  rupture  and 
ulcer  formation  have  been  produced  in  rabbits 
by  subcutaneous  inoculation.  These  heal 
spontaneously  in  from  3  to  7  weeks  and  grossly 
cannot  be  regarded  as  granulomata  although 
the  walls  of  these  abscesses  on  histological 
examination  present  granulation  tissue  not  to 
be  dilTerentiattxl  from  that  of  the  granuloma 
lesions.  Fritxllacnder's  bacillus  forms  similar 
lesions. 

7.  A  few  experiments  attempting  to  estab- 
lish symbiotic  relationships  between  the 
encapsulated  bacilli  from  granuloma  lesions 
and  staphylococci,  colon  bacilli,  and  diphthe- 
roids in  experimental  lesions  have  failed.  More 
work  of  this  nature  should  be  undertaken. 


8.  Treatment  with  tartar  emetic  intra- 
venously acts  as  a  specific,  and  rapid  healing 
may  be  exjjccted  with  the  prompt  dis- 
appearance of  the  specific  organism. 

9.  We  have  experienced  no  centra-indi- 
cation to  the  intravenous  use  of  this  drug  up 
to  doses  as  high  as  o.i  gram. 
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CASE   reports' 

Case  i.  H.  Q.,  male,  negro,  age  39,  admitted  January 
3,  1921,  complaining  of  ulceration  of  left  groin,  foreskin, 
and  perineum.  Patient  born  in  the  county  bordering 
Philadelphia,  and  has  spent  all  of  his  life  hereabouts.  He 
has  never  lx:en  out  of  the  United  States,  never  south  of  Balti- 
more nor  north  of  New  York  City.  He  had  gonorrhtea 
last  spring,  preceding  the  pre.scnt  trouble  by  4  or  5  weeks. 
The  condition  began  about  8  months  ago  as  a  small  pimple 
in  the  left  groin;  it  was  only  the  size  of  a  pin's  head  and 
not  at  all  [lainful.  It  rapidly  grew  to  the  size  of  a  quarter 
of  a  dollar,  then  broke  down,  discharging  a  purulent  con- 
tent, and  has  remained  an  ojicn  lesion  c\er  since.  Soon 
after  the  api)carance  of  the  lesion  in  the  groin,  and  before 
the  pimple  in  the  groin  broke  down  a  similar  one  developed 
on  the  foreskin.  This  likewise  became  an  o|)cn  sore  and 
the  two  have  continually  increiisc<l  in  size  to  the  present 
condition.  Kxamination  reveals  an  area  two  finger  breadths 
broad,  extending  from  the  inferior  iliac  spine  down  through 
the  inguinal  fold  onto  the  [lerineum,  and  is  the  seat  of  a 
raw,  flesh-red,  soft,  and  <x>/.ing  granulomatous  mass. 
It  is  not  dcprcs.scd  and  ulcerated,  but  actually  raised 
alxive  the  level  of  the  surrounding  skin.  Similar  lesions 
occur  on  the  left  side. of  the  sirotum  and  encircling  the 
margin  of  the  foreskin  preventing  its  retraction.    The 

'Vint  thr« cut  reports  in  Mmi^Uil  lo  »how  tyiMral  hUlofiea,  lypM 
ot  rcactioa,  mode  of  adminUiratioa  wid  p«oaip(ne.s  of  hoUnf.  R«- 
nuiniog  hbtorio  eitcnuveb'  abbttvkted  00  tccouot  ot  >p*ce. 
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center  of  the  large  groin  sore  is  depressed,  though  uniformly 
covered  with  the  soft,  papillomatous  proliferations.  There 
is  no  offensive  discharge,  but  a  sanguinous  exudate:  no 
pain,  except  on  deep  pinching:  and  no  enlargement  of 
the  underlying  lymph  glands. 

Laboratory  notes.  January  25,  1921.  Smears,  Gram 
stain,  staphylococci,  diplococci  and  diphtheroids.  Fontana's 
stain,  few  loosely  coiled  spirochseta;.  Geimsa's  stain,  red 
blood  cells,  polymorphonuclears  and  large  mononuclear 
cells,  no  granuloma  bodies.  Cultures,  staphylococci, 
bacillus  coli,  and  diphtheroids.  February  i,  1921,  smears 
(Wright's  stain)  positive  for  granuloma  bodies.  Culture 
on  Sabouraud's  medium,  no  growth  after  72  hours. 
February  12,  1921,  blood  count,  haemoglobin,  45  per  cent, 
red  blood  cells  1,000,000;  white  blood  cells,  10,700;  poly- 
morphonuclear, 60  per  cent;  lymphocytes,  36  per  cent; 
mononuclears,  2  per  cent;  eosinophiles,  2  per  cent.  Feb- 
ruary 19,  1921,  blood  count,  haemoglobin,  59  per  cent, 
red  blood  cells,  3,380,000;  white  blood  cells,  10,150; 
polymorphonuclear,  55  per  cent;  lymphocytes,  44  per  cent; 
eosinophiles,  i  per  cent.  March  28,  192 1,  fragility  test, 
complete  haemolysis,  0.20.  Complete  inhibition,  0.44. 
March3i,  1921,  blood  platelet  count,  460,000.  Reticulated 
reds,  0.52  per  cent.  April  4,  1921,  smears  (Wright's)  no 
granuloma  bodies.  (Treatment  started  February  11, 1921.) 
Staphylococci,  diphtheroids.  Cultures^staphylococci, 
diphtheroids.  Note — Cultures  at  no  time  from  this  patient 
were  positive  for  the  Friedlaender-like  bacillus. 

Histopaihology.  Section  taken  from  margin  of  lesion. 
Fixed  in  4  per  cent  formalin  in  normal  saline  and  in 
Schaudin's  solution.  Stained  with  hasmatoxylin  and  eosin, 
and  Giemsa.  Showed  typical  picture  as  described  above. 
Smear  made  at  bedside,  stained  by  Giemsa,  showed  en- 
capsulated diplococci  forms,  intra-  and  extracellular. 
Section  from  prepuce,  obtained  at  circumcision  on  May 
9,  1921,  after  tartar  emetic  treatment,  shows  a  small  ulcer, 
pinhead  size.  Stained  as  above.  Marked  fibrosis;  minute 
area  containing  many  lymphocytes,  a  few  endothelial 
cells,  occasional  polymorphonuclear  cells.  The  squamous 
epithelium  of  the  skin  appeared  practically  normal. 

Treatment.  February  11,  1921,  0.05  gram  tartar 
emetic  given  intravenously.  Fifteen  minutes  after  the 
injection,  patient  had  a  slight  chill  followed  by  headache. 
Urine  analysis  of  today  negative  throughout.  February 
12,  1921,  0.05  gram  tartar  emetic  given -intravenously. 
Slept  well  last  night  and  experienced  nothing  further  than 
above  mentioned  chill.  Today  normal.  February  13, 
1921,  surface  of  granuloma  not  so  moist  as  formally,  and 
of  a  lighter  hue  with  less  bleeding.  Edges  seem  somewhat 
retracted  and  flattened.  No  local  sensation  experienced 
with  the  injections.  Given  0.05  gram  intravenously. 
February  15,  1921,  wound  and  patient  not  disturbed 
yesterday.  Dressing  today  is  quite  moist  with  a  serous 
discharge.  Edges  show  marked  retraction,  and  epithelium 
is  apparently  spreading  inward.  Granulations  less  ex- 
uberant. 0.05  gram  tartar  emetic  intravenously.  No 
reaction.  February  17,  1921,  there  is  without  doubt  a 
decrease  in  the  amount  of  serum  which  exudes' from  the 
granulations  during  the  past  24  hours.  Three  little  islands 
of  epithelium  have  made  their  appearance  near  the 
center  of  the  groin  lesion.  The  epithelium  from  the  edges 
is  growing  inward.  The  lesion  on  the  prepuce  is  definitely 
smaller,  and  the  amount  of  induration  is  decreased,  allow- 
ing further  retraction  of  the  prepuce.  0.08  gram  tartar 
emetic  intravenously.  No  reaction.  February  18,  1921, 
color  of  granulations  is  changing  from  beefy-red  to  sal- 
mon color.  Decrease  in  size  of  lesion  continues.  0.08 
gram  tartar  emetic  intravenously.  No  reaction.  February 
21,  1921,  0.08  gram  tartar  emetic  intravenously.  No 
reaction.     February   22,  1921,  o.io  gram   tartar  emetic 


intravenously.  No  reaction.  February  23,  1921,  o.io 
gram  tartar  emetic  intravenously.  No  reaction.  February 
24,  192 1,  O.IO  gram  tartar  emetic  intravenously.  No 
reaction.  Epithelium  has  continued  to  proliferate  SKrtively. 
The  islands  in  the  center  of  the  groin  lesion  now  measure 
K  by  8  centimeters.  No  systematic  efTect  noted  from 
injections.  Dosage  of  o.io  gram  given  on  following  dates, 
March  2,  3,  4,  7,  8,  9,  16,  19,  23,  26,  29,  31,  April  11,  15, 
19,  26,  May  4,  14,  23.  May  9,  1921,  lesion  so  far  healed 
that  patient  was  prepared  for  circumcision  and  same 
successfully  performed. 

Case  2.  M.  S.,  female,  negro,  age  21,  admitted  Novem- 
ber, 1920,  complaining  of  genital  sores.  Bom  and  lived  in 
Philadelphia,  married,  has  had  three  full  term  pregnancies. 
Since  initial  sexual  act  in  1914,  has  had  yellowish  vaginal 
discharge  and  i  month  following  this  the  right  labium 
majorum  enlarged,  and  within  i  week,  it  had  become  such 
a  size  as  to  cover  the  opposite  labium.  It  was  not  painful, 
nor  was  there  any  visible  excoriation,  abrasion,  ulceration, 
or  bleeding.  This  condition  persisted  for  i  month,  then 
disappeared  in  2  weeks  time  without  any  treatment.  In 
December,  191 7,  she  experienced  a  stinging  sensation  again 
in  the  right  labium  and  found  a  small  "pimple-like"  sore 
there  which  she  broke.  Following  this  several  similar  sores 
formed,  rather  slowly,  and  coalesced.  There  was  no  sore- 
ness with  these  lesions  until  after  3  months,  at  which 
time  patient  was  admitted  to  the  Philadelphia  Genera! 
Hospital  (February  13,  1918)  because  of  condition  of 
vulva  and  8  months'  pregnancy.  On  e.xamination,  pudendal 
lesions  and  a  left  bubo  considered  syphilitic,  Wassermann 
reported  4+.  She  was  given  five  doses  of  arsenobenzol 
and  discharged  from  hospital,  June  20,  1918,  haWng  been 
delivered  of  a  li\ang  child,  the  bubo  healed  and  vulva  nearly 
healed.  Patient  describes  this  first  lesion  as  being  red, 
lumpy,  bleeding  easily,  growing  rather  rapidly  and  raised 
off  the  surface  of  the  skin.  During  the  summer  of  191 8, 
she  attended  the  dispensary  regularly  for  antis>'philitic 
treatment.  July  11,  1919,  she  was  readmitted  to  the 
hospital.  The  following  notes  have  been  extracted  from 
her  history.  Complaint,  sores  on  privates  which  began 
to  break  out  as  soon  as  she  left  hospital  last  year;  they 
have  steadily  grown  worse  to  date.  General  appearance  is 
emaciated.  Labia  are  swollen  and  ulcerated  at  anus, 
inguinal  lymph  glands  are  markedly  swollen.  Purulent 
discharge  from  vagina.  September  11,  1919,  labia  majora 
were  much  swollen;  right  labium  has  tumor  mass  on  it, 
which  is  hard,  firm,  not  tender.  Lower  third  is  denuded  of 
epithelium,  on  cleansing  shows  surface  ulcerated  and 
granulating.  Left  labium  less  swollen  than  the  right,  has 
a  soft  tumor,  tender  on  pressure:  lower  fourth  ulcerated 
and  granulating.  Urethral  orifice  surrounded  by  soft, 
tender,  finger-like  processes.  Inguinal  glands  much  en- 
larged; ulcerated  on  left  side  and  nearlj'  healed.  Gland 
on  right  side  open  and  ulcerating.  December  14,  1919, 
the  conditi5)n  has  been  pronounced  tuberculosis  cutis  by 
genital-urinary  chief,  and  syphilis  by  the  skin  chief. 
Patient  has  had  marked  antisyphilitic  treatment  with  no 
improven^nt.  Laboratory  report.  Histological  reports: 
tissue  resembles,  or  is,  epithelioma.  Bacteriological  re- 
ports: no  fubercle  bacilli  found  in  smears.  Blood  Wasser- 
mann, July  12,  1919,  4-t-.  September  18,  1919,  negative. 
October  27,  1919,  negative.  January  31,  1920,  i-\-. 
Constant  irregular  fever  with  slight  increases  in  pulse  and 
respiration  of  irregular  character.  Fever  seldom  at  or 
above  101°.  Treatment  has  been  practically  antisyphilitic 
all  the  way  through,  although  five  X-ray  applications 
were  made,  evidently  with  lupus  Vulvas  in  mind.  Patient 
was  discharged  in  January  1920. 

At  time  of  third  admission  in  November,  1920,  the 
patient   was  in  a   weakened   and  emaciated   state,   her 
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appetite  a  capricious  afTair,  she  was  fretful  and  nervous, 
found  it  ilillicult  to  sleep,  and  had  to  lie  moved  with  extreme 
lare,  Iwiausc  of  the  pain  in  a  very  much  hyiH-rtrophied 
vulva,  the  surface  of  which  was  granular,  nodular,  with  a 
tendency  to  bleed  at  the  slightest  provocation.  The  diag- 
nosis of  tuberculosis  of  the  vulva  made  on  her  previous 
admissions  was  adhered  to  once  more,  and  confirmed  by 
chief  of  scr\ice.  X-ray  treatments  were  instituted  at  once; 
she  was  sent  to  the  X-ray  department  every  3  weeks,  and 
by  the  middle  of  January,  1920,  there  was  evidence  of  im- 
pn>vemcnt,  noted  more  especially  in  regard  to  her  general 
condition,  than  in  the  appearance  of  the  local  lesion,  in 
fact  it  was  noted  on  her  chart  that  the  granular  process  on 
the  vulva  was  becoming  more  extensive.  A  section  taken 
in  December,  1920,  for  histological  examination  was  re- 
[Kirtcd  as  follows:  "Tissue  shows  considerable  prolifera- 
tion of  the  squamous  cell  layer,  which  extends  rather 
deeply  into  the  underlying  tissue.  No  pearls  are  present; 
othcnvise  the  section  shows  a  diffuse  infiltration  by 
polymorphonuclear  cells  and  there  is  considerable  free 
h.-cmorrhagc.  Diagnosis:  chronic  inf1ammator>'  tissue; 
suggests  lupus.  Stain  for  tubercle  bacilli  is  negative." 
The  latter  part  of  January,  1921,  a  tentative  diagnosis  of 
granuloma  inguinale  was  made,  and  confirmed  by  lab- 
orator>'  methods  (smears  and  section).  The  patient's 
condition  at  the  time  the  intravenous  injections  of  the 
tartrate  of  antimony  and  potassium  were  started,  was  very 
poor;  she  was  extremely  emaciated,  weighing  but  87 
pounds,  the  pale  color  of  all  of  her  mucous  membranes 
favored  a  rather  severe  secondar)'  anjemia,  and,  as  stated 
before,  she  had  a  rather  poor  appetite,  was  irritable  and 
easily  hurt  when  moved.  The  lesion  locally,  as  follows: 
Left  inguinale  region/  an  area  2  centimeters  above  the 
Poupart's  ligament  and  parallel  with  it;  measured  7  centi- 
meters in  length  and  varies  from  0.5  to  1.5  centimeters 
in  width.  The  border  is  irregular  in  outline,  but  very 
definitely  raised  off  the  surface  of  the  skin;  the  color  is  a 
vivid  red,  with  small  bleeding  areas  here  and  there,  where 
the  surface  has  been  abraded  slightly  by  the  removal  of 
bandage.  The  surface  has  a  nodular  appearance,  is  slightly 
moist;  there  is  no  evidence  of  ulceration,  the  whole  affair 
is  a  marked  piling  up  and  proliferation  of  granulation  tis.sue. 
There  is  a  peculiarly  oflcnsive  odor  when  the  lesion  is 
exposed.  No  enlargement  of  the  inguinal  glands  noted. 
At  the  borders  of  the  diseased  area,  there  is  some  evidence 
of  beginning  cicatrization.  The  consistency  of  the  process 
shows  a  rather  firm  tissue,  which  does  not  give  much  pain 
when  the  |)atient  is  unaware  that  it  is  being  manipulated. 
Right  inguinal  region:  An  elevated  scar  in  practically  the 
identical  position  as  the  opposite  side,  5  centimeters  in 
length  and  0.5  centimeter  in  width.  At  the  inner  end  of 
this  cicatrix  is  an  active  condition  as  alxive  noted,  circular 
in  form  and  in  size,  one-half  the  area  of  a  dime,  i'ulra, 
perineum  and  nates:  The  entire  left  labium  majorum  is 
covered  by  this  granular  tissue,  and  the  opposite  labium 
shows  only  a  very  small  area  of  healthy  and  intact  skin. 
The  labia  minora  arc  mixlcrately  invol\ed,  as  is  the  lower 
part  of  the  vaginal  wall.  The  granulations  are  continuous 
onto  the  perineum  on  the  right  side  of  the  cleft,  extending 
as  far  liack  a.s  the  anus.  The  \-ulva  is  much  hypcrtrophicd, 
the  surface  is  nodular,  moist,  raw  lieefstcak  appearance 
ami  l)loe<ling  at  various  |)oints;  the  color  is  reddish,  the 
odor  olTensivc,  the  Ixirder  sharply  defined  from  the  healthy 
skin  and  seripiginous  in  outline.  The  tissue  has  a  firm  feel 
and  does  not  cause  patient  any  discomfort  when  manipu- 
lated with  mo<lerate  care.  .Vt  the  junction  of  the  thighs  and 
the  vulva,  the  condition  is  pre.scnt  on  the  limbs,  extending 
only  where  the  vulva  comes  in  contact  with  the  thigh. 

I^horatory  notes:  Januar>-  24,  1021,  smear — gram  posi- 
tive bacilli;  gram  negative  bacilli.     I'ontana  stain— no 


spirochieUe.  Giemsa  stain — no  granuloma  bodies;  no 
spirocbajta:;  few  polymorphonuclear  and  mononudean. 
(  ultures — staphylococci,  diphtheroids,  streptococci,  and  a 
large  gram  positive  encapsulated  bacillus  (unidentified). 
January  28,  1921,  smear — gram  slain-|-i?ram  positive 
bacilli  and  diplococci.  Gram  negative  bacilli.  Cultures — 
plate  overgrown  with  bacillus  proteus.  Smears  show  gram 
negative  bacilli,  staphylococci  and  diphtheroids.  I'cbruary 
I,  1921,  cultures  on  Salxjuraud's  medium  show  no  growth 
after  72  hours.  February  15,  1921,  hxmoglobin,  70  per 
cent;  red  blood  cells  3,470,000;  white  blood  cells,  7,000; 
polymorphonuclears,  46  per  cent;  lymphocytes,  46  per 
cent;  mononuclears,  3  per  cent;  transitionals,  3  per  cent; 
eosinophiles,  2  per  cent;  marked  anisocytosis,  poly- 
chromatophilia,  poikilocytosis.  March  2,  1921,  hxmo- 
globin, 40  per  cent;  red  blood  cells,  3,370,000;  white  blood 
cells,  6,600;  polymorphonuclears,  45  per  cent;  lymphocytes, 
49  per  cent;  transitionals,  2  per  cent;  eosinophiles,  3  per 
cent;  basophiles,  i  per  cent.  Stipple  cells,  anisocytosis, 
polychromatophilia,  and  achromia.  March  9,  1021, 
blood  platelet  count — 410,000.  March  22,  1921,  fragility 
test — complete  haemolysis,  0.20;  complete  inhibition,  0.44. 
April  I,  1921,  ha;moglobin,  $$  per  cent;  red  blood  cells, 
3,720,000. 

Histopalhclogy.  Section  from  granulating  area  taken 
January  28, 1921,  fixed  in  Schaudin's  solution,  stained  with 
Giemsa's  stain,  ^^^stological  picture  as  above  described. 
Smear  stained  with  Giemsa's  stain  negative  for  encap- 
sulated organisms. 

Treatment.  Treatment  for  granuloma  inguinale  was 
instituted  January  29,  1921.  the  tartar  emetic  being 
prepared  in  i  per  cent  solution  in  sterile  water,  beginning 
witn  a  ver)'  small  dose  and  increasing  gradually  each  day 
until  maximum  dose  was  reached.  January  29,  1921, 
injected  0.02  gram.  No  constitutional  reaction;  during 
the  afternoon,  the  diseased  area  was  itching  continuously. 
No  headache,  nor  pains  in  any  of  the  bones  of  body. 
January  31,  1921,  mjected  .025  gram.  Three  minutes 
following  injection,  patient  complained  of  dizziness  and 
sensation  of  fainting,  but  recovered  rapidly;  probably  due 
to  injecting  the  solution  too  quickly.  She  had  a  headache 
during  the  afternoon  and  evening,  and  considerable  itching 
in  the  lesion.  I'ebruary  i,  1921,  injected  .03  gram.  Drug 
injected  a  good  deal  slower  than  was  done  yesterday  and 
no  reaction  occurred  on  the  table.  There  is  considerable 
itching  beginning  4  hours  following  administration  of 
solution,  and  stab-like  stinging  occurs  every  few  moments, 
both  lasting  until  about  bed  time.  There  is  a  great  deal  of 
secretion  on  the  surface  of  the  granuloma  this  morning, 
and  the  odor  has  become  more  marked.  Patient  com- 
plained of  headache  at  vertex  following  the  evening  meal. 
Kebruarj'  2,  1921,  injected.  035  gram.  The  itching  and 
stinging  continue,  commencing  3  or  4  hours  after  the  in- 
jection. There  was  a  good  deal  of  pus-like  material  on 
the  Irandages  this  morning  and  much  moisture  over  all 
of  granuloma.  February  3,  1921,  injected  .04  gram. 
Complains  of  itching  and  stinging  in  the  lesion  a  few  hours 
after  injection.  The  solution  causes  a  good  deal  of  |>ain  in 
arm  and  shoulder  as  it  is  being  injected.  Needle  slipped 
out  of  vein  and  a  hit  of  drug  was  injected  into  tissues; 
patient  immediately  cried  with  jrain;  hot  water  Ijag  kept 
on  arm  all  day.  Februar)-  4,  1921,  arm  is  slightly  swollen 
and  indurated  at  site  of  yesterday's  injection,  where 
solution  went  into  tissues;  vcr>-  little  pain  and  no  sign  of 
abscess.  Complains  of  itching  and  es[iecially  stinging  in 
the  granuloma,  the  surface  of  which  is  very  moist  and 
bleeds  extremely  easy.  There  are  several  small  white  areas 
about  the  size  of  a  small  pea  forming  in  various  parts  of  the 
growth.  At  the  c<lgcs  of  the  healthy  skin,  new  epithelium 
may  be  seen  growing  in  over  the  granulation  ti.ssuc.   Dur- 


M 


SURGERY,  GYNECOLOGY  AND  OBSTETRICS 


ing  the  afternoon  the  patient  complained  of  a  severe  back- 
ache. February  5,  1921,  injection  .05  gram.  The  whole 
surface  of  the  granuloma  is  extremely  moist,  and  the  odor 
is  very  olTensive.  Considerable  stinging  is  complained  of 
locally.  The  serum  or  exudate  from  the  growth  stains  the 
pad  a  pale  yellow.  February  7,  1921,  injection  .055 
gram.  February  8,  1921,  injection  .06  gram.  Com- 
plains of  itching  and  stinging,  and  a  good  deal  of  pain  is 
present  in  the  arm  and  shoulder  when  the  drug  is  being 
injected.  February  9,  1921,  injection  .07  gram.  Does  not 
note  as  much  itching  the  last  couple  of  days  but  the  sting- 
ing does  not  abate  any.  Still  complains  of  immediate 
pain  and  stinging  up  arm  and  shoulcfer  as  the  solution  is 
administered.  February  10,  1921,  injection  .075  gram; 
February  11,  1921,  injection  .08  gram;  February  12,  1921, 
injection  .08  gram;  February  14,  1921,  injection  .05  gram; 
February  15,  1921,  injection  .08  gram.  Severe  vertical 
headaches  and  the  usual  stinging;  very  little  discharge  and 
odor  is  lessening.  There  is  a  considerable  amount  of  new 
epithelium  making  its  appearance  at  the  outer  borders  of 
the  granuloma  and  around  the  small  white  patches  that 
made  their  appearance  the  third  day.  F'ebruary  16,  1921, 
injection  .05  gram.  Has  had  nose-bleed  on  three  successive 
nights,  but  not  severe.  February  17,  1921,  no  especial 
complaint,  patient  is  out  of  bed  for  past  few  days,  the  first 
time  since  admission  in  November.  Her  appetite  and 
disposition  have  undergone  a  marked  change  for  the  better. 
February  18,  1921,  injection  .10  gram.  F'ebruary  19, 
1921,  injection  of  .11  gram.  Epithelium  is  advancing 
daily  and  has  covered  a  large  portion  of  the  granuloma; 
marked  general  improvement  also.  February  21,  1921, 
injection  .11  gram.  February  22,  1921,  injection  .12 
gram.  February  24,  1921,  injection  .08  gram.  Changed 
from  sterile  water  to  normal  saline  to  make  the  solution, 
and  the  pain  in  the  arm  and  shoulder  was  not  noticed  by 
the  patient,  in  fact  she  seemed  to  complain  much  less  all 
the  way  through  the  day,  than  when  the  sterile  water  solu- 
tion was  used.  F'ebruary  26,  1921,  injection  .05  gram. 
The  inguinal  region  has  entirely  healed  and  the  vulva  is 
rapidly  approaching  the  normal  once  more.  Injection  .05 
gram  was  given  on  the  following  dates:  March  3,  8,  10, 
12,  15,  23,  26,  29.  The  total  amount  of  tartrate  ad- 
ministered to  date,  1.96  grams.  The  general  condition 
of  the  patient  is  extremely  good,  appetite  is  e.xcellent, 
excretions  give  no  trouble,  sleeps  well,  and  irritability  has 
disappeared.  When  she  was  admitted  in  November  she 
weighed  but  87  pounds;  March  8,  weight  had  increased  to  99 
pounds,  and  on  April  21,  a  further  increase  to  106  pounds 
was  registered.  She  had  gained  no  weight  up  to  the  time 
the  administration  of  tartar  emetic  was  instituted.  Three 
blood  Wassermann  tests  November  11,  1920,  December 
27, 1920,  and  February  24, 1921,  were  all  reported  negative 
in  all  antigens.  All  urine  reports  have  been  normal; 
catheterized  specimens  were  taken.  April  23,  1921, 
received  .10  grams  of  the  drug  intravenously,  making  the 
thirty-third  injection.  She  has  been  discharged  and  will 
report  to  the  venereal  dispensary  once  weekly  for  con- 
tinued treatment.  The  growth  on  the  vulva  and  in  the 
inguinal  region  has  entirely  disappeared,  healing  with 
considerable  scarring,  the  cicatrix  being  slightly  elevated. 
There  are  two  or  three  small  areas  between  the  vulva  and 
the  thigh,  and  in  the  region  of  the  fourchette  that  have  not 
entirely  healed,  the  largest  of  these  is  about  the  size  of  a 
dime.  Patient  followed  to  date  (October,  1921).  Has 
continued  treatment  as  prescribed.  No  recurrence  and 
has  continued  to  gain  in  weight  and  general  health. 

Case  3.  G.  J.,  male,  negro,  age  37,  admitted  May  19, 
1920,  complaining  of  sore  in  groin.  Born  in  Virginia.  Pa- 
tient has  traveled  as  a  sailor  to  tropical  p)orts.  Seven  years 
ago  he  had  a  sore  on  the  foreskin.   Several  weeks  later  he 


developed  a  right-sided  bubo,  which  wasincised  and  drained. 
This  healed  without  incident,  broke  down  again  3  weeks 
later,  but  healed  soon  and  has  remained  well  since.  I'rcscnt 
condition  started  alx)ut  6  years  ago,  when  there  apix;ared 
two  small  pimples  at  the  hair  margin  above  the  pubis  and 
a  little  to  the  right  of  the  mid-line.  One  of  these  healed 
up  but  theother  enlarged  and  finally  broke  down,  discharg- 
ing some  pus  and  rapidly  forming  exuberant  granulations. 
This  tissue  spread  throughout  the  right  groin.  Two  years 
ago  the  entire  growth  was  excised.  The  operative  wound 
healed  almost  completely,  e.xcept  a  small  crusted  center 
spot,  and  under  this  crust  granulations  again  formed  and 
began  to  spread.  Soon  the  entire  groin  was  involved  and 
the  granuloma  extended  down  to  the  fold  between  the 
scrotum  and  the  thigh  on  the  right  side.  Six  months  ago 
X-ray  treatment  was  begun  and  the  condition  has  slowly 
progressed  toward  healing.  February  10,  1921,  patient 
is  an  employee  of  the  hospital.  The  right  groin  and  iliac 
region  shows  a  large  tense  scar,  part  of  which  is  devoid  of 
pigment,  extending  from  the  symphysis  to  the  iliac  bone 
and  measuring  about  2)^  inches  in  diameter.  .\t  the  side 
of  the  scrotum  the  scar  passes  down  the  inguinal  fold  to  the 
perineum,  just  posterior  to  the  scrotum.  At  two  places  in 
this  scar  there  are  unhealed,  active,  lesions.  One  near  the 
anterior  superior  spine,  measuring  i  by  iK  inches  in  size. 
The  granulation  tissue  over  it  is  not  exuberant,  but  lies 
flush  with  the  surface  of  the  skin,  and  is  moist.  (The  effect 
of  X-ray  treatment.)  The  other  area  lies  near  the  posterior 
part  of  the  scar,  in  the  fold  between  the  scrotum  and  the 
thigh.  This  shows  a  sinus  about  one  quarter  of  an  inch 
deep,  admitting  only  a  probe  point  but  discharging  pus 
constantly.  The  area  immediately  around  this  opening  is 
raw  and  abraded  and  shows  an  area  of  granulations  about 
the  size  of  a  dime. 

Treatment.  On  February  11,  12,  14,  15  and  16,  0.05 
gram  of  tartar  emetic  was  given  intravenously.  .After  the 
third  injection,  the  upper  lesion  became  dry  and  crusted 
over.  The  patient  suffered  some  rheumatoid  pains  about 
right  shoulder  joint,  painful  to  motion,  but  without  local 
symptoms.  Some  of  last  injection  was  spilled  into  tissues. 
February  17,  1921,  0.08  gram  of  tartar  emetic  intraven- 
ously. F'ebruary  21,  192 1,  abscess  at  point  of  injection 
where  tartar  emetic  was  given  extravenously.  Same  in- 
cised. Given  0.08  gram  today.  February  25,  1921, 
0.06  gram  given  today.  Arm  healed;  upper  lesion  com- 
pletely covered  with  epithelium;  lower  seems  iV  inch  in 
depth  and  no  exudate.  On  February  26  and  28  and  March 
2,  given  0.06  gram  of  drug.  March  3,  0.07  gram  of 
tartar  emetic  intravenously.  March  4,  0.08  gram  of 
tartar  emetic  intravenously.  March  7  and  8,  0.09  gram 
of  tartar  emetic  intravenously.  March  9,  16,  19,  23,  26, 
and  April  11,  15,  and  19  given  o.io  gram  of  tartar  emetic. 
Patient  has  been  under  observation  to  date  (October, 
1921)  without  recurrence. 

Case  4.  E.  C,  female,  negro,  admitted  December. 
1920,  complaining  of  sores  about  vulva.  Patient  born  In 
Virginia  and  moved  in  early  life  to  Philadelphia,  where  she 
has  lived  ever  since.  Present  condition  started  in  .Vugust, 
1918,  with  profuse  vaginal  discharge.  In  September,  1918, 
first  noticed  swelling  in  left  groin  which  reached  the  size 
of  a  hen's  egg.  In  October,  1918,  several  small  pea-sized 
papules,  grayish  in  color,  were  noticed  upon  left  labium 
majorum  and  on  the  mons  pubis.  These  itched  and  on 
breaking  them  exuded  a  watery  material.  They  crusted 
over,  did  not  heal,  coalesced,  and  resulted  in  a  moss-like, 
raw  mass  that  bled  on  the  slightest  injury.  She  confesses 
to  coitus  9  days  before  the  development  of  these  pimples. 
She  was  admitted  to  the  Philadelphia  General  Hospital 
October  23,  1918,  found  to  have  Wassermann  i-|-.  Given 
six  injections  of  arsenobenzol,  14  intramuscular  injections 


RANDALL,  SMALL,  AND   BELK:    GRANULOMA   INGUINALE 


»5 


Vig.  5  (at  left).  Case  i.  Condition  of  patii-nt  on  January  13,  ign.  Groin, 
prepucial,  and  perineal  involvement.     Duration  8  months. 

Fig.  6.  Case  i.  Condition  of  |)atient  .Vpril  23,  1921.  Lesions  healed  in  46  days. 
Has  had  21  injections,  total  of  1.S2  grams  of  drug.  Note  tliat  scar  tissue  in  the 
negro  apiKars  white. 


of  mercury  salicylate  (i  grain),  and  potassium  iodide  up 
to  150  grains  daily  and  discharged  on  February  20,  iqiQ; 
healed  but  with  marked  induration  of  right  labium.  She 
remained  well  for  i  year,  but  suffered  a  return  of  the 
original  vulva  sores  in  Octol)cr,  1920,  and  was  readmitted 
to  hospital  in  Deccmlicr,  1920.  Lesion  described  as  follows: 
No  evidence  of  bulw  and  groins  free  of  disease;  an  elevated 
mass  of  granulation  tissue  covers  the  left  labium,  the  mons 
pubis,  and  greater  [wrtion  of  right  labium.  Right  labium 
markedly  hyj)ertrophic.  The  general  apiicarance  of  the 
growth  is  pale  red  in  color,  with  small  bleeding  areas  at 
various  points;  the  surface  tends  to  be  nodular,  is  shiny, 
and  presents  a  moderate  amount  of  moisture.  There  is  no 
evidence  of  ulceration,  the  condition  l)cing  elevated,  prolif- 
erative, and  with  no  sign  of  sloughing  at  any  point.  It  is 
firm  and  gives  but  slight  (lain  on  handling.  The  lesion 
extends  slightly  onto  the  thighs  where  touching  the  en- 
larged labia.  Ciencral  condition  of  patient  extremely  {x>or, 
has  lost  at  least  30  pounds  in  weight,  appetite  lost,  strength 
gone  and  confined  to  l)cd  greater  [art  of  time. 

Ijiboralory  notes.  Section  of  tissue  taken  in  December, 
IQ20,  reported:  Chronic  inflammatory  tissue  with  areas  of 
degenerated  fibrous  and  epithelial  tissue;  not  tuberculous. 
Dcceml)cr  27,  1920,  blood  Wasscrmann  test,  3-!-. 
December  30,  1920,  blood  Wassermann  test,  negative. 
Kebruar>'  24,  1920,  blood  Wassermann,  negative.  January 
24,  1920,  smears  gram  stain — gram  positive  diplococci 
and  large  bacilli.  Cram  negative  diplococci  and  bacilli. 
Kontana  stain — no  spirochaita;  or  spirilla.  Ciiemsa  stain — 
no  granuloma  bodies.  Cultures — diphtheroids  and  bacillus 
coli.  January  28,  1921,  smears — gram  stain — gram  [xis- 
itive  Itacilli  and  diplocMci.  gram  negative  bacilli,  (iiemsa 
stain — no  granuloma  Ixxlics  or  spirochajta;.  Cultures — 
overgrown  with  bacillus  proteus.  February  i,  1921, 
cultures  on  Sabouraud's  medium  no  growth  after  72  hours. 
February  9,  192 1,  smears — positive  for  granuloma  bodies; 
stained  with  Wright's  and  Ciemsa  and  showed  many 
intra-  and  extracellular  organisms,  diplococci,  and  encap- 
.^ulated.  February  15,  1921,  hxmoglobin,  50  per  cent; 
tkI  bIcHxl  cells,  3,820,000;  white  blood  cells,  9,200;  poly- 
mor])honuclears,  46  per  cent;  lymphocytes,  43  per  cent; 
mononuclears,  4  per  cent;  transitionals,  5  per  cent; 
eosinophiles,  i  per  cent;  basophiles,  i  |)er  cent;  marke<l 
asinocytosis,  polychromatophilia,  achromia,  and  poikilo- 
cytosis.  March  2, 1921,  hxmoglobin,  30  percent;  red  blood 
cells,  3450,000;  white  blood  cells,  5,000;  polymorphonu- 
clears, 36  per  cent;  lymphocytes,  63  per  cent  (50  per  cent 


large)  eosinophiles  i  per  cent;  polychromatophilia,  asino- 
cytosis, stipple  cells,  occasional  normoblast.  March  9, 
■1921,  blood  platelet  count — 380,000.  March  22,  1921, 
fragility  test:  complete  ha;molysis,  0.20;  complete  inhibi- 
tion— 0.46.  .\\m\  23,  1921,  red  blood  cells — 3,380,000; 
hx-moglobin.  58  per  cent. 

Treatment.  February  11,  I92i,gram  0.03  tartar  emetic 
given  intravenously.  February  12,  1921,  0.04  gram  of 
tartar  emetic  given  intravenously.  February  14,  1921, 
0.05  gram  of  tartar  emetic  intravenously.  Februar>'  15, 
1921,  0.06  gram  of  tartar  emetic  intravenously.  February 
16,  1921,  0.07  gram  of  tartar  emetic  intravenously. 
February  17,  1921,  0.08  gram  of  tartar  emetic  intra- 
venously. On  Februarj-  18,  ig,  21,  22,  23,  24,  and  26, 
was  given  dose  of  0.08  gram;  on  Fcbruar>'  28  and  March 
I,  this  was  increased  to  o.io  gram.  On  March  3,  8,  10, 
was  given  0.08  gram  and  on  March  12,  15,  18,  20,  23,  26, 
30,  and  April  5  and  12,  0.05  gram  were  given.  On  April 
20,  22,  was  given  0.06  gram.  Total  of  1.90  grams  ad- 
ministered in  29  doses.  Reactions  from  the  drug  never 
amounted  to  more  than  hxal  stinging,  itching,  and  throb- 
bing in  lesion  immediately  following  injcttion.  No  gen- 
eralized symptoms  of  toxic  effects  of  drug.  The  granuloma 
has  almost  entirely  disappeared  except  for  a  vcrj'  small 
area  in  right  labium  that  seems  resistant  and  extremely 
firm.  Healing  was  fairly  rapid,  leaving  a  slightly  raise<i 
scar  and  markedly  indurated  labia.  Patient's  general 
condition  greatly  improved,  appetite  excellent,  sleeps  well, 
works  about  ward  all  day  and  has  gained  25  pounds  in 
weight.  She  is  to  rcceixe  ft  to  8  further  injections  and  then 
be  discharged  to  Out  I'atients  Department. 

Case  5.  H.  J.,  male,  negro,  age  24,  admitted  February 
32,  1930,  complaining  of  a  large  sore  in  left  groin.  Patient 
was  bom  in  Mar>'land.  Lived  all  his  life  about  Kaltimore, 
Centreville,  and  Philadelphia,  never  further  south  or  out- 
side of  the  country.  Onset  of  the  present  condition  was 
3  years  ago,  when  patient  developed  two  small  "pimples" 
on  the  inner  surface  of  the  foreskin.  These  rcmainc<l  for 
some  time,  and  gradually  increased  in  size,  later  breaking 
down  and  spreading  slowly  around  the  entire  foreskin. 
Several  weeks  after  these  "pimples"  appeare<l  the  glands 
in  lx)th  groins  Ixrgan  to  swell,  'rhe)'  recede<l  un<ler  iiKlinc 
treatment,  later  returned,  re<edc-<l  a  second  time  and 
alx)ut  6  months  later  became  large  and  re<{uire<l  incision. 
Following  the  drainage  the  right  groin  healed.  The  left, 
wlrcn  almost  healed,  developed  "proud  flesh"  and  started 
to  spread  down  the  groin  and  into  the  fold  between  the 
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Fig.  7  (at  left).  Case  2.  Pitiable  condition  of  patient  on  January  28,  1921.  Was 
not  expected  to  live.   Duration  3  years  and  this  the  third  recurrence. 

Fig.  8.  Case  2.  Result  of  32  doses,  totalling  1.96  grams  of  tartar  emetic.  Picture 
taken  April  23,  192 1.  Lesion  entirely  healed  in  59  days.  Some  induration  remain- 
ing.    General  condition  normal.   Gained  19  pounds  in  weight. 


thigh  and  scrotum.  Over  the  perineum  and  about  the 
anus,  "bumps"  appeared,  which  later  broke  down  and 
coalesced.  At  present,  in  the  region  of  the  left  inguinal 
glands  at  the  seat  of  the  old  scar  of  a  bubo,  is  a  grayish, 
elevated,  granulating  mass,  extending  down  between 
scrotum  and  inner  side  of  thigh  to  the  perineum,  where  it 
spreads  to  the  width  of  2  inches  in  diameter.  It  is  sharply 
defined  and  is  a  constructive  growth  involving  only  skin 
surface,  but  in  the  region  of  the  perineum  a  large  ulcer  is 
making  its  way  into  deeper  tissues.  Foreskin  is  long  and 
can  be  retracted,  and  there  are  several  granulating  masses, 
resembling  those  in  the  groin,  on  the  mucous  membrane  of 
the  foreskin.  Notk. — This  patient  entered  the  hospital  one 
year  ago.  He  has  been  receiving  X-ray  exposures  once 
every  3  weeks.  Wound  today  (February  11,  1921)  extends 
from  within  1.5  inches  of  the  left  anterior  superior  spine, 
downward  along  the  groin  and  scrotum  to  the  posterior 
margin  of  this  structure,  it  crosses  the  natal  cleft,  and 
involves  the  greater  part  of  the  urogenital  triangle.  The 
edges  are  raised  and  indurated  and  show  evidences  of 


slowly  proliferating  epithelium.  The  center  of  the  lesion 
is  moist,  oozing,  and  granulating.  The  entire  process  is 
quite  painful,  especially  at  night  and  when  the  patient 
walks  he  has  to  assume  a  stooped  position  with  legs  spread 
widely  apart.  There  is  considerable  offensive  discharge 
from  the  surface  of  the  perineal  granulations. 

Treatment.  Given  0.05  gram  of  tartar  emetic  on  Feb- 
ruary II,  12,  14,  15,  and  16.  There  has  been  a  marked  de- 
crease in  the  discharge  and  the  perineal  region  is  covered 
with  dry  crusts  for  the  first  time  in  one  year.  Epithelium 
is  definitely  and  rapidly  growing  inward  from  the  edges 
and  several  isolated  areas  are  proliferating  epithelium  at 
the  base  of  the  scrotum.  The  raised  granulations  are 
lower  and  there  is  much  less  pain.  Given  0.08  gram 
dosage  on  February  17,  18,  21,  22,  and  23.  He  has  had 
some  soreness  and  stiffness  in  shoulders  and  back  on  the 
mornings  after  injections,  that  decreased  after  being  up 
and  about.  Epithelium  continues  to  sjiread  inward  from 
all  edges,  induration  is  less,  exudate  decidedly  less,  and 
pain  progressively  decreasing.     Given  o.  10  gram  on  Feb- 


Fig.  9.  Case  3.  Old  lesion  of  6  years  duration.  Almost 
healed  under  persistent  X-ray  treatment.  Picture  taken 
January  13,  1921.  Healed  in  19  days.  Patient  has  been 
observed  to  date  (October,  1921)  and  so  far  has  been 
without  recurrence. 


Fig.  10.  Case  4.  Condition  January  28, 192 1.  This  lesion 
is  entirely  raw,  blood  red,  with  extensions  in  left  groin. 
Duration  3  years,  and  this  is  the  third  recurrence.  Healed 
on  April  23,  1921,  after  29  doses  of  tartar  emetic  totalling 
1 .90  grams  in  70  days.  Labia  remained  markedly  elephantic. 
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Fig.  II  Ul  leltj.  Case  5.  Condition  of  patient  January- 13,  iq.!i.  l.t^-ion  cxtcmi- 
ing  from  anterior  superior  spine  to  anus.  I'atient  could  not  walk  up  stairs.  Dura- 
lion  3  years. 

Kig.  12.  Cases.  Picture  taken  March  30,  ipji.  Lesions  healed  in  49  days.  Has 
had  23  doses  totalling  1.85  grams  of  tartar  emetic.   (Scar  tissue  appearing  white.) 


ruary  24  and  25.  On  February  26  was  given  only  0.06  gram 
because  of  persistent  bone  aches.  On  February  28  and 
March  3  dosage  of  0.08  gram  given.  Note  on  F'ebruary  27 
states  that  for  the  past  j  days  healing  has  become  ac- 
celerated; perineal  lesion  is  now  half  covered  with  epithe- 
lium; induration  is  progressively  subsiding  and  patient 
feels  quite  well  and  can  walk  almost  normally.  Given  0.09 
gram  on  March  4  and  full  dosage  of  0.10  gram  on 
>Iarch  7,  8,  9,  16,  23,  26,  31  and  April  11,  15,  19,  and  24. 
.\pril  24,  1 92 1,  lesions  are  completely  healed  but  treat- 
ment will  be  continued.  Patient  in  excellent  condition. 
Discharged  today  to  the  pay  roll  of  the  hospital  as  an 
employee. 

Case  6.  W.  F.,  male,  negro,  age  SS,  admitted  February 
26,  1921,  complaining  of  growth  about  anus.  Tiorn  in 
Pennsylvania  where  he  has  lived  all  his  life.  Unmarried 
and  denies  venereal  disease.  Present  condition  started  a 
little  over  2  years  ago  with  slight  bleeding,  soreness,  and 
distress  when  at  stool.  The  proliferative  growth  has  in- 
creased in  size  gradually  and  without  recession  until  the 
present.  There  is  no  pain,  soreness,  itching  or  discomfort 
at  present.  Occasionally  there  is  slight  bleeding  from  pro- 
longed work  (porter)  and  friction  of  the  parts.  Appetite 
is  good,  bowels  move  daily,  no  loss  of  weight.  On  examina- 
tion, external  genitalia  and  groin  are  normal.  The  ixistcrior 
raphf  of  the  scrotum  shows  the  beginning  of  a  proliferative 
growth  that  forms  two  masses  encircling  the  anus  and  com- 
pletely filling  the  perineum  and  interglutcal  region.  The 
surface  is  made  up  of  "tubercles"  of  new-growth,  each 
about  the  size  of  a  pea  and  the  surface  of  each  is  covered 
with  a  pearly  head  of  white  epithelial  tissue.  It  is  painless, 
and  is  bathed  in  a  slight  serosanguinous  secretion.  The 
anal  orifice  is  invisible. 

Note. — This  patient  was  admitted  to  the  dermatological 
ward,  where  he  was  given  three  intravenous  injections  of 
neoarsphenamine  (gram  0.90).  His  Wassermann  twice 
taken  was  negative  and  no  improvement  in  the  local  con- 
dition was  observed.  At  our  suggestion  he  was  given  one 
injection  of  tartar  emetic,  0.05  gram  and  then  transferred 
to  our  wards. 

Laboralory  notes.  February  i,  1921,  smearfrom  lesion — 
negative  for  granuloma  bodies.  Cultures  on  Sabouraud's 
medium  negative  after  72  hours.  F'ebruary  7,  1921, 
smear  from  lesion — granuloma  bodies  present.  No 
spirochieta;.  \'arious  bacteria.  Cultures  negative  for 
Friedlaenderlike  bacillus.  March  14,  1921,  blood  count — 
hemoglobin,  55  per  cent;  red  blood  cells,  4,070,000; 
white  blood  cells,  10,800;  polymorphonuclear,  71  per  cent: 


lymphocytes,  20  per  cent;  eosinophiles,  7  per  cent;  tran- 
sitionals,  2  per  cent. 

Ilistopathology.  Section  from  granulations.  Fixation  in 
formalin  and  Schaudin's  solution.  Stained  with  ha:ma- 
toxylin  and  eosin,  and  Giemsa.  Typical  of  picture  de- 
scribed. In  addition  there  was  martced  proliferation  of 
squamous  epithelium  in  long  processes  possessing  hyper- 
chromatic  cells.  Section  taken  from  granuloma,  February 
17,  1921,  fixed  and  stained  as  above.  Structure  as  above, 
except  that  there  was  no  marked  proliferation  of  the 
squamous  epithelium.  A  few  bipolar  bacilli  seen  in  endo- 
thelial leucocytes. 

Trealmenl.  Tartar  emetic  was  given  intravenously  as 
follows:  0.05  gram  March  2,  1921 ;  0.06  gram,  March  4; 
0.07  gram,  March  7;  0.08  gram,  March  8;  0.09  gram, 
March  9,  with  no  reaction  following  injections.  This 
patient  has  been  perfectly  tolerant  to  the  rapid  increase  in 
dosage.  He  has  not  had  any  symptoms  of  reaction  from 
the  drug  at  any  time.  The  lesion  shows  marked  and  rapid 
improvement,  has  decreased  in  size  and  especially  flattened 
as  though  the  new-growth  was  actually  absorbing.  The 
raw  surfaces  deep  in  the  crj-pts  between  the  proliferated 
tubercles  have  less  discharge,  and  epithelization  is  pro- 
gressing rapidly,  o.io  gram  of  drug  was  administerea  on 
the  following  dates:  March  16,  19,  23,  26,  31,  and  .\pril 
11,  15,  19  and  23.  .\pril  23,  1921,  patient  has  now  re- 
ceived fifteen  injections  of  the  tartar  emetic.  He  has  shown 
no  reaction  to  this  drug  save  an  almost  complete  disap- 
pearance of  his  granuloma.  There  are  no  raw  surfaces 
remaining  and  the  epithelium  is  smooth  and  healthy  every- 
where. Discharged  under  promise  that  he  will  continue 
weekly  injections  in  the  Out  Patient  Department. 

Note. — Patient  returned  in  September,  1931,  with 
recurrence  at  ventral  edge  of  anus.  Had  not  kept  up  his 
Dispensary  Treatment  as  advised. 

Case  7.  B.  A.,  male,  age  43,  admitted  F'ebruary  a6, 
1921,  complaining  of  recurrent  sore  on  penis.  Patient 
was  in  hospital  last  year  for  the  same  condition  which  was 
relieved  by  X-ray.  Horn  in  South  Carolina,  but  has  lived 
in  Philadelphia  during  the  past  20  odd  years,  and  condi- 
tion developed  while  a  resident  of  Philadelphia.  The  lesion 
appeared  for  the  second  time  2  months  ago,  as  a  simple 
"pimple"  on  the  glans  penis.  This  grew  in  size  until  as 
big  as  a  finger  nail,  when  it  broke  down  and  became  an 
open  sore.  There  has  been  no  |)ain.  no  discharge  of  pus 
from  it,  but  a  continual  oozing  of  bloody  scrum.  It  nas 
increased  in  size  very  gradually.  It  apix-ars  as  a  sharjily 
defined,  raw  area  over  glans  [x;nis  and  extending  up  alx>ut 
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Fig.  13  (at  left).  Case  6.  Lesion  limited  to  anal  region  and  of  2  years  duration. 
Picture  takenjanuary  21,  1921. 

Fig.  14.  Case  6.  Result  of  treatment:  Patient  has  received  20  doses  totalling 
1.07  grams  of  tartar  emetic.     Picture  taken  May  14,  1921.    Healing  complete  in 

37  days. 


I  inch  on  shaft  of  penis,  is  not  ulcerated,  but  covered  with 
clean  granulation  tissue.  The  mucous  membrane  is  de- 
stroyed, leaving  a  raw,  red,  oozing  surface  studded  with 
tiny  heads  of  granulation  tissue.  It  is  painless,  odorless, 
and  free  of  discharge. 

Laboratory  notes.  March  1,1921,  Wassermann,  negative. 
Smear  positive  for  typical  intracellular  organisms.  Urine 
analysis  negative.  Blood  count:  ha-moglobin,  82  per  cent; 
red  blood  cells,  3,950,000;  white  b'-ood  cells,  7,650;  poly- 
morphonuclears, 57  per  cent;  lymphocytes,  36  per  cent; 
mononuclears,  i  per  cent;  eosinophiles,  4  per  cent;  baso- 
phils, 2  per  cent.  March  2,  1921,  smears  from  lesion — 
positive  for  granuloma  bodies.  Cultures,  negative  for 
Friedlaender-like  bacillus.  March  7,  1921,  smears  from 
lesion — positive  for  granuloma  bodies.  Cultures,  negative 
for  Friedlaender-like  bacillus.  March  11,  1921,  smears 
from  lesion — f)Ositive  for  granuloma  bodies.  Cultures, 
negative  for  Friedlaender-like  bacillus.  Fragility  test: 
complete    ha;molysis,    0.28,    complete    inhibition,    0.4c. 


Blood  platelet  count,  247,000.  March  12,  1921,  smears 
from  lesion,  positive  for  granuloma  bodies.  Cultures 
negative  for  Friedlaender-like  bacillus,  .\pril  4,  1921, 
smears  from  lesion,  after  four  injections — negative  for 
granuloma  bodies.  Cultures — negative  for  Friedlaender- 
like  bacillus 

IHstopatlwlogy.  Section  from  margin  of  lesion  taken 
March  2,  1921.  Fixation  as  outlined  and  picture  typical 
of  original  description. 

Treatment.  Patient  was  given  tartar  emetic  intraven- 
ously 0.05  gram  March  23,  1921;  0.06  gram  March   25; 


Fig.  15.  Case  7.  Lesion  of  glans  and  foreskin  only. 
Duration  2  months  but  this  is  a  recurrence  of  a  primary 
attack.  Healed  in  69  days  with  10  doses  totalling  .85 
gram  of  tartar  emetic.  Picture  taken  March  30,  1921, 
after  third  injection  had  been  given. 


Fig.  16.  Case  8.  Old  lesion  of  2  years  duration. 
Almost  healed  with  X-ray.  Note  double  groin  involvement 
and  marked  induration  of  foreskin.  This  induration  was 
greatly  reduced  by  treatment.  Picture  taken  March  30, 
1 92 1,  after  14  injections  of  tartar  emetic  and  completely 
healed.  Treatment  has  been  persisted  in,  and  there  has 
been  a  decided  diminution  in  the  heavy  induration  of  the 
foreskin. 
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Fig.  18.  Case  u.  Lesion  of  glans  and  foresliin  only. 
Duration  4  years.  Healed  in  28  days  with  8  doses  of  sodium 
antimony  thioglycollatc,  totalling  0.68  gram  of  drug. 
Picture  taken  May  11,  1931,  before  starting  treatment. 


Fig.  17.  Case  10.  Condition  of  patient  end  of  February, 
igii.  Duration  one  year.  {Iealc<l  in  42  days,  having 
received  1 7  injections  totalling  0.94  gram  tartar  emetic. 

0.07  gram  March  26,  and  0.08  gram  March  31.  Patient 
has  had  some  rheumatoid  pains  in  shoulders  and  slight 
swelling  of  feet  that  has  made  caution  necessary  with 
medication.  No  alarming  symptoms,  and  condition  im- 
proving rapidly.  On  .April  11,  1921,  0.09  gram  of  tartar 
emetic  was  given  intravenously;  April  15,  o.io  gram  and 
the  same  quantity  on  .\pril  19.  Patient  has  a  conjunctivitis 
and  nasal  congestion.  Injection  stopped.  Lesion  prac- 
tically healed.  On  May  9,  23,  and  31,  o.io  gram  of  tartar 
emetic  was  injected  intravenously.  Patient  has  had  ten 
injections  of  the  drug.  Over  the  lesion  on  the  foreskin  a 
new  epithelium  has  formed  entirely;  the  glans  penis  is 
entirely  healed  except  for  a  narrow  sore  on  the  back  of 
the  glans  about  yi  inch  wide  and  ^4  inch  long;  this  is 
(Irj-,  level  with  the  remaining  surface  and  apparently  on 
the  verge  of  complete  healing.  Patient  up  and  about  in 
good  condition,  wishes  his  discharge,  and  agrees  to  come 
to  the  dispensary  for  further  injections. 

Cask  8.  W.  H.,  male,  age  39,  admitte<l  June  30,  1920, 
complaining  of  a  sore  in  groin  and  inguinal  fold.  Has  been 
living  in  Philadelphia  for  the  2  years  prior  to  the  onset 
of  the  present  condition,  which  started  about  December 
iqi8,  with  a  sore  on  the  base  of  the  shaft  of  the  iK-nis. 
This  was  pronounced  a  soft  sore  and  not  luetic.  It  did  not 
heal  and  alx>ut  6  months  later  the  condition  broke  out  in  the 
right  groin  and  has  remained  as  an  open  lesion  ever  since. 
Patient  is  an  unusually  fine  physical  specimen  of  negro, 
of  almost  gigantic  development.  ( jcneral  physical  examina- 
tion  is  negative.  Genitalia  show  a  raw  ulcerated  area  about 
the  root  of  the  penis  and  in  the  right  groin  extending  down 
to  the  fold  between  the  scrotum  and  the  thigh.  It  is 
raised  about  the  edges  and  of  deep  re<l  color,  not  untlcr- 
mining,  and  free  of  discharge  or  odor.  Patient  was  placed 
under  X-ray  treatment  for  "tutierculosis  cutis,"  receiving 
ex|>osures  cvcr>'  third  week.  On  June  30,  1920,  improve- 
ment is  notc<l.  On  August  23,  1920,  condition  recorded 
such  that  he  is  able  to  work  and  patient  dischargc<l  from 
the  ward  to  the  payroll  and  put  to  work  in  the  kitchen. 

February  ii,  ig2i.  Physically,  patient  is  in  excellent 
condition  except  for  lesions  aliout  genitalia.  Here  there  is 
marked  infiltration  and  scarification  of  the  skin  over  the 
base  of  the  penis,  resembling  elephantiasis.    Foreskin  is 


very  indurated,  hard,  and  piainless;  it  cannot  be  retracted. 
On  right  inferiolatcral  aspect  almut  the  middle  of  the  shaft 
is  an  oblong  ulcerated  area  lying  in  the  middle  of  a  white, 
indurated,  and  painless  scar.  It  is  1.5  by  i  centimeter  in 
size,  and  of  a  raw,  red  color.  There  is  a  similar,  but 
larger,  area  on  the  right  side  of  the  scrotum  in  the  inguinal 
fold;  it  is  moist,  bleeds  easily  on  manipulation,  flesh  is  red 
in  color,  and  is  covered  with  a  thin,  purulent  exudate. 

Treatment.  On  February  11,  12,  and  15,  0.05  grams  of 
tartar  emetic  were  given  intravenously.  Patient  says  sores 
are  better  than  at  any  previous  time.  Both  are  covere<l 
with  a  light  crust,  perfectly  dry  and  epithelium  is  commenc- 
ing to  proliferate.  On  February  16,  1921,  0.05  gram  of 
tartar  emetic  was  injecte<i  intravenously;  on  February 
17  and  18,  0.08  gram.  The  lesions  are  much  smaller  and 
induration  seems  softer.  On  February  21,  1921,  0.08 
gram  of  tartar  emetic  was  given  intravenously.  Ulcer 
on  penis  healed  today.  On  February  23,  1921,  0.08  gram 
of  tartar  emetic  was  given  intravenously  and  on  February 
28,  1921,  O.IO  gram.  Induration  of  foreskin  is  rapidly 
disappearing.  The  ulcer  in  groin  is  scabbed  over  and 
apparently  healed  though  not  disturbed.  Patient  has  not 
had  any  reaction  to  the  medication  at  any  time.  Treat- 
ment persisted  in  and  on  the  following  dates  o.io  gram  of 
tartar  emetic  was  given:  March  2,  3,  4,  7,  8,  9,  16,  19,  31, 
and  on  April  1 1  and  19. 

Note.— October,  1921.  It  is  of  interest  to  note  that 
treatment  has  been  so  satisfactory  to  the  patient  that  he 
persisted  in  its  administration  long  after  he  was  healed 
with  the  result  that  there  has  been  a  marked  decrease  in 
the  heavy  elephantic  induration  of  the  skin  and  foreskin 
of  the  penis. 

Case  9.  W.  P.,  male,  age  26,  admitted  .Vpril  28,  1920, 
complaining  of  a  sore  in  left  groin.  In  .August,  1919,  he 
contracted  a  sore  on  the  iicnis  and  some  time  after  a 
generalized  eruption.  In  the  last  2  weeks  he  developed 
enlarged  glands  in  the  left  groin,  which  were  opened  i 
week  ago  and  have  been  discharging  since.  There  is  also  a 
sore  on  the  penis  that  has  been  present  for  the  past  4 
weeks.  With  the  exception  of  scars  from  sinuses  and 
indurated  glands  of  ncclc,  and  evidence  of  infiltration  of 
iMith  apices,  general  physical  examination  otherwise  ncg- 
atis'C.  There  is  a  phimosis  with  slight  purulent  dischaigc 
from  foreskin.  In  tx>th  inguinal  regions  are  large  manes 
of  lymph  glands  densely  mattctl  together,  while  on  the 
left  is  a  particularly  large  mass  with  sinus  formation  from 
which  pus  exudes.    Patient  was  circumcised  at  this  lime 
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Fig.  19. 


I'"ig.  20. 


Fig.  19.  Case  14.  Picture  taken  April  12,  1921.  Dura- 
tion 7  months.  Patient  has  received  all  forms  of  local 
antiseptics  and  dressings,  without  benefit.  Has  had  re- 
peatedly negative  Wassermann  tests,  but  nevertheless, 
was  first  given  intensive  antiluetic  treatment  during  follow- 
ing 3  months  and  showed  no  improvement. 


Fig.  20. 

Fig.  20.  Case  14.  Picture  taken  September  16,  1921, 
after  persistence  on  tartar  emetic  injections  over  6  weeks. 
Dose  of  0.06  gram  was  given  every  2  days,  and  he  is  still 
undergoing  treatment.  In  all  probability  he  has  had  a 
double  infection. 


(April,  1920)  and  given  8  doses  of  neosalvarsan,  and  on 
August  24,  1920,  he  was  healed  and  symptomless  (except 
as  noted  below)  and  was  then  placed  on  the  pay-roll  of 
the  Institution. 

February  2,  192 1 :  This  man  is  an  employee  at  the  fire- 
men's and  officers'  mess.  He  has  been  kept  in  the  institu- 
tion in  order  to  receive  X-ray  treatment  every  3  weeks, 
for  unhealed  condition  in  groins  considered  at  the  time  to 
be  tuberculosis  cutis.  His  general  physical  examination  is 
negative,  he  is  well  nourished  and  developed  and  ap- 
parently in  good  health.  The  lesions  in  the  groins  have 
slowly  cicatrized  with  the  exception  of  an  ulcer  at  the  base 
of  the  scrotum  on  the  right  side  about  the  size  of  a  kidney 
bean,  and  on  the  inside  of  the  left  thigh,  where  it  comes  in 
contact  with  the  scrotal  lesion,  are  found  four  raised  areas, 
sharply  defined,  plateau-like,  about  lyi  centimeters  in  size. 
These  latter  lesions  are  covered  by  very  thin  epithelium 
and  on  two  of  them  where  the  epithelium  has  been  rubbed 
off  typical  granulation  tissue  is  present.  Patient  states 
they  are  new  lesions  beginning  to  develop,  as  others  have 
done  before. 

Treatment.  On  February  2  and  12,  1921,  0.05  gram  of 
tartar  emetic  was  injected  intravenously;  on  February  18, 
and  on  February  28,  o.io  gram. 

April  II,  1921,  patient  healed  so  rapidly  after  above 
treatment  that  he  neglected  his  injections.  Today  there 
is  a  recurrence  of  similar  lesions  on  the  thigh.  He  was 
given  0.10  gram  of  tartar  emetic  intravenously.  April 
19,  1921,  0.10  gram  of  tartar  emetic  intravenously. 

Note. — This  patient  is  an  employee  of  the  hospital. 
He  has  persisted  in  his  treatment  and  has  remained  per- 
fectly healed  to  date  (October,  1921). 

Case  10.  M.  W.,  female,  age  20  (from  the  service  of 
Dr.  A.  H.  Lippincott,  Cooper  Hospital,  Camden,  New 
Jersey),  admitted  February  8,  1921,  presenting  extensive 
lesions  about  genitalia.  Past  history  unimportant.  Pres- 
ent condition  of  i  year's  duration,  commencing  as  a  small 
nodule  on  the  right  labium  majorum,  which  ruptured  and 
then  started  to  proliferate,  and  has  gradually  involved  the 
entire  vulva  and  perineum.   The  rapidity  with  which  this 


extended  varied,  but  at  no  time  did  it  show  any  tendency 
to  heal  spontaneously,  and  patient  has  not  received  any 
medical  treatment  for  the  condition.  There  has  been  a 
rather  constant,  profuse,  foul-smelling,  and  at  times 
blood-tinged  discharge.  Chest  examination  showed  evi- 
dences of  pulmonary'  tuberculosis  at  both  apices.  The 
vulva  lesion  presents  a  large,  raw  mass  covering  both 
labia,  and  extending  from  the  symphysis  to  the  perineum, 
it  follows  the  labia  down  into  the  vagina  and  extends  into 
the  anus  posteriorly  for  about  1.5  inches.  Cystoscopic 
examination  is  negative.  Histological  examination  was 
made  of  section  of  tissue  removed  from  the  right  labium. 
At  the  same  time  smears  were  taken  from  the  area  of 
excised  tissue.  Microscopic  e.xaminarion  showed  a  marked 
round-cell  infiltration.  Polymorphormclears  and  a  few 
eosinophiles  can  be  seen.  There  are  some  infolding  areas 
of  epithelium.  No  e\ddence  of  malignancy.  Smears  from 
lesion  were  positive  for  granuloma  bodies.  No  cultures 
were  taken.  Blood  count,  haemoglobin,  69  per  cent; 
red  blood  cells,  2,100,000;  white  blood  cells,  9,600;  poly- 
morphonuclears, 85  per  cent;  lymphocytes,  10  per  cent; 
large  mononuclears,  4  per  cent;  eosinophiles,  i  per  cent. 

Treatment.  From  February  10  to  March  7  local  treat- 
ment with  the  usual  surgical  dressings  and  applicadons 
produced  no  result  whatsoever.  On  Slarch  7,  192 1,  she 
was  given  0.05  gram  of  tartar  emetic  intravenously,  and 
noticed  intense  burning  pain  in  the  lesion  immediately 
after  administration,  lasting  about  10  minutes.  On  March 
9,  this  dose  was  repeated  and  on  the  nth  and  13th  0.06 
gram  was  given.  After  this  fourth  dose,  evidences  of 
healing  appeared  about  the  edges  of  the  granuloma  over 
the  symphysis.  Gram  0.06  was  given  on  March  18,  21, 
23,  25,  28  and  30,  at  which  time  it  was  seen  that  the  condi- 
tion, at  first  slowly  healing,  was  now  healing  with  great 
speed  and  rapidly  being  covered  with  epithelium.  Same 
dosage  was  administered  on  .\pril  2,  4,  and  8  when  her 
haemoglobin  was  found  to  be  70  per  cent  and  red  blood 
cells,  3,000,000.  Healing  still  progressed  rapidly,  and 
after  injection  of  the  same  dosage  on  April  11,  15  and  18, 
the  entire  lesion  was  healed  except  for  a  small  area  to  the 


RANDALL.   SMALL,   AND    RKLK:    GRANULOMA    INOUINALP: 


21 


riKlil  of  the  anus  and  n  heavy  sulxutancous  imlurutioti  <>( 
the  lal)ia.  I'alifnt  ilischargcd.  To  continue  treatment  in 
Out  Patients  I)ei>artment. 

Cask  ii.  C.  VV.,  male,  negro,  age  25,  admitted  July  13. 
ii)i>,  complaining  of  o|)en  sore  in  the  right  inguimU  region, 
lie  had  a  chancre  4  )cars  ago  and  gonorrha-a  3  vcars  ago. 
This  present  condition  was  precc<led  by  a  bubo  which  broke 
down  six)ntancously  and  then  healc<l.  Uixjn  the  scar  a 
new  lesion  api>eared  which  has  [wrsistcd  lor  three  years. 
I'atient  in  wrelcheil  condition  and  health.  .Abdominal 
wall  and  thighs  stu<lde<l  with  keloids,  scars  and  abscesses 
from  the  use  of  hy|XMlermic  injections.  In  the  right  inguinal 
region  is  a  raw  granulating  surface  typical  of  the  granuloma 
lesion  and  jo  by  4  centimeters  in  extent. 

luihoralory  nolrs.  July  18,  iQii,  smears  from  lesion, 
iKisitivc  for  granuloma  bodies.  Cultures,  negative  for 
rriedlacndcr-likc  bacillus. 

Trt-almrnl.  Tartar  emetic  was  given  intravenously  as 
follows:  0.05  gram,  July  15,  1921;  0.06  gram,  July  17; 
0.07  gram  July  iq;  0.08  gram  July  21;  0.09  gram  July 
:.?,  and  on  July  25,  27,  29,  and  31,  o.io  gram. 

Final  note.  The  granuloma  is  very  much  improved  and 
is  healing  along  upper  edges.  Patient  insists  on  being 
discharged  against  our  wishes.    He  is  a  drug  addict. 

C.\SK  12.  E.  P.,  male,  age  3.',  admitted  May  s,  1921, 
1 4implaining  of  sores  on  [xjnis  of  4  years  duration  following 
.1  slight  "hair-cut"  in  the  skin  of  the  frenum.  This  slowly 
became  sore  and  inflamed,  and  at  the  end  of  i  year  pre- 
sented two  sores  each  about  the  size  of  a  finger-nail.  Was 
given,  a  year  ago,  a)x>ut  twelve  injections  of  ncoarsphen- 
amine  with  slight  improvement  but  not  complete  healing, 
and  during  the  past  2  months  the  lesion  has  shown  greater 
activity  and  growth. 

On  examination  the  foreskin  was  found  swollen,  adema- 
l.)us,  and  almost  covering  the  glans.  On  the  glans  about 
the  meatus  and  on  the  hiucosa  of  foreskin  on  either  side 
from  frenum  arc  sharj)ly  defined,  firm,  raw,  red,  oozing 
areas  with  slightly  elevated  borders.  Wassermann  re- 
ported 2+  and  [latient  given  three  injections  of  ncoars- 
phenaminc,  after  which  sore  reixjrted  "drier,  no  oozing 
I  lid  cleaner,  but  no  closing  in  of  the  edges,  no  islands  of 
k  in  formation,  i.  e.  no  healing." 

hiboratory  notes.  Smear  from  lesion — positive  for 
ranuloma  bodies.  Culture,  negative  for  Friedlaendcr-like 
i  acillus.  Blood  culture,  sterile.  Blood  Wassermann,  2+; 
tliolestcrin.4  +  ;  noguchi,  i+.  May  7,  1921,  smears  from 
lesion,  positive  for  granuloma  bodies;  cultures,  negative  for 
I' riedlaender-like  bacillus.  May  9, 1921,  complement  fixa- 
tion using  antigens  made  from  organisms  from  Ca.'-e  16, 
<  use  14,  and  Friedlaendcr-like  bacillus  from  sputum. 
Ini-suUs — all  negative.  Smears  from  lesion — positive  for 
ranuloma  Ixxlies.  Cultures  negative  for  Friedlander-like 
Ijiicillus.  May  14,  1921,  inoculation  of  patient.  Two 
.ibraded  areas  were  made  on  the  left  arm;  one  was  inoc- 
ulated with  cotton  swab  saturatc<l  with  a  24-hour  culture 
of  the  Friedlaender-like  bacillus  isolated  from  Case  16; 
the  other  with  normal  salt  as  a  control.  Patient  was 
kept  off  of  s()ecific  antimony  treatment  until  May  31,  1921. 
Observations  were  last  made  on  June  29,  1921,  and  up 
until  this  time  no  lesion  had  resulted.  May  26,  1921, 
smears  from  lesion,  negative  for  granuloma  bodies;  cul- 
ture, negative  for  Fricdiaender  like  bacillus. 

llistopathology.  Section  from  granulations  taken  May 
'.  iQJi.  Fixed  and  stained  as  described.  Picture  that  of 
riginal  description.  Very  little  proliferation  of  epithelium 
i  rom  skin.  A  few  intracellular  coccoid  forms  suggest  gran- 
uloma organisms,  minus  their  capsules.  They  arc  seen 
only  in  the  large  mononuclear  cells. 

Trralmnil.  May  31,  1921,  first  injection  of  stxlium 
antimony  thioglycollate  intravenously  —  0.05  gram  intra- 


1  i),'.  .1.  (  :iM'  15.  Picture  taken  January  -'.s,  ii;ji. 
duration  6  weeks.  Wassermann  4+.  (jivcn  neoarsphena- 
mine  and  X-ray  exposures  for  5  months  with  only  [lartial 
healing.   Cured  witJi  five  injections  of  tartar  emetic. 

vcnously;  on  June  2,  1921,  0.06  gram;  on  June  6,  1921. 
0.07  gram;  on  June  10,  1921,  o.io  gram;  on  June  13  and 
16,  1921,  O.IO  gram;  on  June  24,  1921,  the  lesion  is  healed. 
One  area  is  covered  with  superficial  scab.  On  June  24 
and  27,  1921,  O.IO  gram  of  tartar  emetic  was  given 
intravenously.  July  i,  1921,  lesion  is  entirely  healed. 
Discharged  from  ward.  To  continue  weekly  injection  of 
tartar  emetic  in  venereal  dispensary. 

Case  13.  D.  II.,  female,  admitted  May  30,  1921, 
complaining  of  genital  sores  of  one  year  duration,  whose 
onset  followed  several  boils  upon  the  buttocks  and  started 
as  an  itching  papule  upon  the  labia  majora  and  spread  as 
a  raw,  oozing,  red  surface. 

Examination  reveals  the  labia  majora  as  big,  hyper- 
trophied,  swollen-looking  affairs.  Beginning  with  the  inner 
margins,  the  labia  are  ulcerated,  the  ulcerated  proliferating 
mass  of  tissue  taking  in  both  labia  majora  and  minora  on 
both  sides  and  extending  from  the  anterior  part  of  the 
labia  minora  to  the  iKistcrior  parts  in  both  sides.  This  mass 
is  very  hard,  granular  Uwking,  with  here  and  there  a  white 
plaque-like  looking  area.  It  is  red  but  not  bleeding.  When 
touched  or  rubbed  it  does  not  bleed  and  very  little  pain  is 
complained  of.  'I'here  is  no  odor.  The  mass  extends  to  the 
entrance  of  the  vagina,  and  here  ends  quite  abruptly. 
The  vaginal  wall  is  not  inflamed  but  feels  quite  hard.  The 
cervix  is  not  eroded  and  the  cervical  canal  is  normal.  There 
is  very  slight  discharge.  No  masses  can  be  fell  by  vaginal 
examination.  The  uterus  seems  to  be  slightly  posterior. 
There  is  no  cystocele,  rcctocele,  or  vaginal  fistulx. 

Laboratory  notes.  June  i,  192 1,  a  section  taken  from 
margin  of  lesion,  fi.xe<l,  and  stained  as  described,  shows 
typical  histological  picture  of  granuloma  but  no  intra- 
cellular organisms  were  found.  June  3,  192 1,  smears  from 
lesion  positive  for  granuloma  bacillus.  Cultures,  negative 
for  Friedlaender-like  bacillus.  June  13,  1921,  smears  from 
lesion  positive  for  granuloma  bodies.  Cultures,  negative 
for  Friedlaendcr-like  bacillus.  Some  material  dircitiv  from 
the  lesion  put  into  broth,  centrifuged,  and  the  se<Umcnt 
inoculated  into  animals.  Three  guinea  pigs  and  a  mouse 
were  inoculated  subcutancously.  No  lesions  occurred  in 
any  of  the  animals. 

Treatment.  Between  May  20,  1921,  and  June  13,  19JI, 
patient  was  given  six  (b)  intravenous  injections  of  0.05 
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Fig.  22.  Ciisu  II),  Picture  taken  on  admission  to  Penitentiary,  June  29,  1920. 
Lesion  of  10  years'  duration.  Condition  approximately  tlie  same  when  tartar  emetic 
treatment  started  May  5,  192 1.   Healed  in  45  days  after  20  injections  of  tartar  emetic. 


gram  each  of  tartar  emetic.  Between  June  25  and  July 
26  patient  was  given  four  (4)  injections  of  0.08  gram  each 
and  three  (3)  injections  of  o.io  gram  each  of  tartar  emetic. 
Between  August  i  and  August  22  (day  of  discharge), 
patient  was  given  seven  (7)  injections  of  0.08  gram  each 
of  tartar  emetic. 

On  date  of  discharge,  August  22,  condition  so  thoroughly 
healed,  that  she  was  discharged  to  Out  Patient  Depart- 
ment to  continue  after-treatment.  She  has  been  working 
around  the  ward  for  the  past  month,  has  no  complaint,  and 
has  gained  in  weight. 

Case  14.  F.  D.,  male,  white,  age  25,  admitted  Decem- 
ber 20,  1920,  with  excoriated  sores  about  left  groin  and 
perineal  region.  Onset  2  months  before  with  four  or  five 
sores  on  the  penis.  These  primary  lesions  were  soft,  pain- 
ful, and  like  fever  blisters  and  were  followed  by  an  inguinal 
adenitis  which  became  "ripe"  and  a  doctor  opened  the 
abscess.  It  slowly  but  completely  healed,  but  shortly 
after  healing  multiple  sores  broke  out  about  the  edges  of 
the  inguinal  scar.  These  sores  have  received  abundant 
attention  and  many  local  applications  but  have  progres- 
sively spread  until  on  admission  the  lesion  extends  down 
the  side  of  the  scrotum  and  thigh,  over  the  perineum,  and 
as  far  back  as  the  anus  and  cheeks  of  the  buttocks. 
Wassermann  negative  with  three  antigens;  von  Pirquet 
skin  test  for  tuberculosis  negative.  There  was  great 
divergence  of  opinion  among  the  staff  as  regards  the 
diagnosis  in  this,  the  only  white  man  in  whom  the  gran- 
uloma bodies  were  found.  First  considered  chancroidal, 
he  was  given  local  treatment;  next  as  tuberculosis.  X-ray 
was  tried;  in  .\pril  the  finding  of  typical  intracellular  organ- 
isms of  granuloma  inguinale  started  him  on  tartar  emetic 
therapy  and  when  no  improvement  was  noted  after  eight 
injections,  it  was  ordered  off  and  a  fourth  opinion  in- 
stituted active  antisyphilitic  treatment  which  was  pushed 
for  2  months  without  any  apparent  improvement.  Begin- 
ning July  26,  1921,  patient  has  been  getting  on  alternate 
days  intravenous  injection  of  i  per  cent  tartar  emetic. 
Started  with  5  cubic  centimeters  and  advanced  to  10  cubic 
centimeters  then  dropped  to  6  cubic  centimeters  per  dose. 
Condition  fluctuates.  Heals  almost  and  then  breaks  down 
anew.  Now  healed  more  than  ever  before  and  only 
a  periphery  of  superficial  and  not  particularly  inflamed 
ulcerations  left.    Patient's  general  condition  excellent. 


Note. — This  is  the  only  case  that  we  have  experienced 
of  infection  in  the  white  race.  The  picture  was  not  typical 
and  our  feeling  is  that  a  double  infection  was  probably 
present.  He  received  vigorous  antiluetic  treatment  to  no 
avail  in  the  face  of  repeatedly  negative  blood  tests.  His 
improvement  under  antimony  has  been  more  marked  and 
permanent  than  anything  during  the  previous  7  months. 
Picture  shows  the  amount  of  improvement,  patient  at  this 
date  under  continued  antimony  treatment.  General 
physical  condition  has  improved"  very  markedly. 

Case  15.  B.  B,,  female,  age  20,  admitted  December  29, 
1920,  complaining  of  sores  on  genitalia  and  in  groins. 
Onset  6  weeks  before  admission,  as  small  papule  on  right 
labia.  Patient  picked  this  sore  and  one  week  later  it  started 
to  increase  in  size  and  has  refused  to  heal.  Lesion  found  to 
involve  left  inguinal  region,  both  labia,  the  right  being 
ulcerated  its  entire  length  as  likewise  the  right  labia 
minora  with  extensions  to  entrance  to  vagina.  Wasser- 
mann 4-I-  on  all  three  antigens.  Patient  given  two  injec- 
tions of  neoarsphenamine  and  discharged  to  Out  Patients 
Department  where  treatment  with  neoarsphenamine  was 
continued  at  weekly  inten'als  until  June  i,  1921.  She 
likewise  received  X-ray  exposures  at  3-week  inter%als. 
Readmitted  on  above  date  and  local  condition  found  some- 
what improved,  the  labia  of  elephantic  size  and  the  lower 
half  of  right  labium  still  an  open  sore. 

Laboraiory  notes.  June  3,  1921,  smears  from  lesion. 
negative  for  granuloma  bodies;  cultures,  negative  for 
Friedlaender-like  bacillus.  June  6,  1921,  smears  from 
lesion,  positive  for  granuloma  bodies;  cultures,  negative 
for  Friedlander-like  bacillus. 

Treatment.  July  14,  1921,  patient  has  received  one  (i) 
injection  of  0,05  gram  of  tartar  emetic  and  four  (4) 
injections  of  0,08  gram  tartar  emetic.  Lesion  is  now  en- 
tirely healed.  Most  of  the  induration  has  gone  and  patient 
is  today  discharged  to  Out  Patients  Department  for 
continuation  of  treatment. 

Case  16.  C.  B.,  male,  age  43.  Patient's  first  admission 
was  in  191 1,  suffering  with  a  sore  involving  foreskin  and 
glans.  Eight  years  before  (1903)  he  had  had  a  similar  lesion 
which  healed  in  4  weeks  and  again  3  years  before  (1908) 
a  second  lesion  on  foreskin  at  which  time  he  was  circum- 
cised and  it  took  10  months  to  heal.  Present  sore  developed 
I  year  after  the  above  second  lesion  and  has  had  various 
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trcalnicnts  durinK  J  years  «iili(uit  any  apparent  effect 
tciuani  healing  lie  remained  in  the  hospital  for  i  month 
ifKJ  was  (lisrharKed  (on  retguest)  unhealed.   Kcadmitted  in 

II 5  with  lesion  showing  destruction  of  skin  and  sub- 

iiticular  tissues  over  entire  jK-nis  and  extending  over 
upper  portions  of  scrotum,  into  groins  and  suprapubically. 
Received  active  antiluetic  treatment  and  8  X-ray  ex[)os- 
ures.  Diagnosetl  tuberculosis  cutis  and  discharged  7 
months  later  still  unheale<l.  Keadmitte<l  in  1916.  Penis 
"ilmost    completely    destroyed    and    wrotum    markedly 

vollen.  Condition  has  gradually  and  continually  grown 
Aurse.  Similar  diagnosis  and  treatment  institute<l  and  dis- 
diaiged  3^  months  later,  with  condition  somewhat  re- 
lieved. Readmitted  in  IQ17.  I'cnis  completely  destroyed. 
Ulceration  extending  over  right  inguinal  region  and  upper 
portions  of  scrotum.  Rcceive<i  18  X-ray  exposures  and 
discharged  10  months  later. 

N'oTE. — Patient  known  to  be  at  present  an  inmate  of 
the  [)cnitcntiarv  which  he  enterea  on  June  29,  1020. 
Investigation  found  him  to  lie  in  alH)ut  the  same  condition 
as  at  the  time  of  his  fourth  hos|)ital  admission  as  revealed 
in  the  picture  taken  at  the  time  of  his  confinement.  July 
10.  IQ20,  \Vas.scrmann  test,  negative,    .\ugust  io,  iq2i, 

'Mowing  letter  received  from  Dr.  H.  Phillips,  resident 


ph>'sician,  ICastem  Penitenliar)',  Philadelphia,  Pennsyl- 
vania: "In  accordance  with  your  reciucst  we  submit  Ik-Iow 
data  on  C  li.,a  prisoner  now  confmed  in  the  alM>vc  institu- 
tion. On  Ma^  5,  19J1,  we  commenced  intravenou  traeat- 
ment.  Injection  5  cubic  centimeters,  i  |)cr  tent  tartar 
emetic,  gradually  increasing  dose  until  10  cubic  centimeter* 
was  given  in  each  injection.  These  injections  were  given 
every  other  day  for  a  period  of  2  months.  .-Vftc  ri  months 
the  treatment  was  cut  down  to  one  injection  weekly. 
.\fter  ten  treatments  were  administered  he  began  to  heal 
very  rapidly,  and  was  entirely  healed  after  Ijcing  under 
treatment  for  a  month  and  a  half.  Tollowing  is  list  of 
treatments  as  given;  May  5,  7,  9,  ii,  13,  15,  17,  19,  21, 
^3<  'it  27>  29, 31;  June  2,4,6,8, 10,  12, 14,  16. 18,  20,  2«,  24, 
26,  28,  30;  July  2,  4,  7,  14,  21,  28;  .Augu.st4,  last  injection. 
Trusting  this  will  cover  the  information  desired." 

laboratory  notes.  .April  26,  1921,  smear  from  lesion — 
positive  for  granuloma  bodies;  cultures,  positive  for 
Kricdiaender-like  bacillus. 

IlistopiUhohgy.  Section  from  margin  of  granuloma,  fixed 
and  stained  as  others.  Structure  typical  of  granuloma. 
Large  prc|K)nderance  of  endothelial  cells.  Considerable 
proliferation  of  squamous  epithelium.  Coccoid  forms  seen 
in  some  large  mononuclear  cells. 


BUBONIC  PLAGUE :    ITS  PREVALENCE 

IN  THE  UNITED  STATES  AND  HOW 

THE  DANGER  SHOULD  BE  MET* 

(From   the   Laboratories  of  the  Phila.  (ten.    Hospital,    Philadel- 
phia.) 

EDWARD  B.  KRUMBHAAR,  M.D. 

PHILADELPHIA 

To  the  average  doctor  "bubonic  plague"  re- 
calls indistinct  memories  of  the  Black  Death  of 
the  fourteenth  century,  De  Foe's  account  of  the 
Plague  of  London  in  1665,  perhaps  Thucydides' 
description  of  the  Plague  of  Athens  during  the 
Peloponnesian  War,  or  Biblical  references  to 
sudden  death  amid  a  plague  of  rats  and  similar 
"far  off  things  of  long  ago."  Little  does  he 
realize  that  for  the  past  26  years  practically  the 
whole  world  has  been  suffering  from  a  pan- 
demic that  has  caused  literally  millions  of  deaths 
and  will  undoubtedly  take  rank  in  history  with 
the  deva-stations  just  referred  to.  Inasmuch  as 
the  U.  S.  Public  Health  Service  is  confident  that 
this  country  will  continue  to  be  exposed  to  the 
introduction  of  epidemics  for  at  least  another  50 
years,  a  closer  view  of  the  present  pandemic  be- 
comes highly  advisable. 

From  the  fourteenth  to  the  seventeenth  cen- 
turies the  civilized  world  was  frequently  visited 
with  epidemics  of  the  plague  of  greater  or  less 
severity,  but  since  that  time  the  infection  has 
remained  relatively  quiescent  in  endemic  foci 
in.  Asia  with  occasional  outbreaks  in  Europe  as 
late  as  1870.  In  1894,  a  plague  epidemic 
reached  "dangerous  proportions"  in  Canton  and 
Hong  Kong,  although  sporadic  cases  had  been 
known  in  various  locations  in  southern  China 
for  at  least  25  years  before  that.    With  a  total 

•Read  before  the  Section  on  Medicine  of  the  Medical  So- 
ciety of  the  State  of  Pennsylvania,  Pittsburgh  Session,  (October 
6,  1910. 


in  the  thousands,^  the  epidemic  was  soon  car- 
of  several  thousand  deaths  in  Hong  Kong  and 
a  weekly  mortality  in  Canton  that  was  measured 
ried  by  shipping  to  Bombay  and  Calcutta, 
whence  it  spread  overland  in  truly  appalling 
proportions  and  its  ravages  have  continued 
throughout  India  until  the  present  day.  Ac- 
cording to  Sir  Bromwell  Leslie.t  the  total  num- 
ber of  deaths  in  the  Punjab  alone  for  the  first 
half  of  1907  was  not  less  than  a  half  million,  so 
that  the  estimate  of  over  a  million  deaths  in 
India  during  the  present  pandemic  may  be  con- 
sidered conservative.  With  India  and  China  as 
the  chief  endemic  foci,  plague  has  spread 
throughout  the  civilized  world,  so  that  epidemics 
or  sporadic  cases  have  been  observed  in  the 
past  decade  in  practically  ev.ery  country  of 
Europe  and  America.  In  Manchuria,  starting 
from  the  marmot,  human  cases  became  infected 
with  the  pneumonic  type  of  plague,  which 
spread  so  rapidly  along  the  railroads  and  other 
inland  lines  of  communication  that  in  10  weeks 
there  were  over  50,000  deaths.  This  epidemic 
is  of  particular  intefest  to  us  in  the  northern 
states  as  an  example  of  the  pneumonic  type  of 
plague  that  is  especially  prone  to  attack  colder 
regions,  and  also  as  a  demonstration  of  the  pos- 
sibilities of  overland  transmission  of  this  dread 
disease.  In  this  epidemic,  as  is  usual  in  pneu- 
monic plague,  the  mortality  was  practically 
100%.  Our  own  plague  experiences  from  1907 
to  1914  in  Porto  Rico,  Havana,  New  Orleans, 
Seattle  and  San  Francisco  are,  I  hope,  sufficient- 
ly familiar  to  you  to  render  further  comment  un- 

tThis  epidemic  was  also  noteworthy  not  only  for  the  cus- 
tomary observation  of  a  Rreat  coincident  mortality  among  rats, 
l>ut  also  for  Kitasato's  discovery  of  B.  Pestis  in  1894,  and  of 
the  flea  transmission  of  the  infection  by  Ogata  in  1896. 

tReport  of  Board  of  Health  on  Plague  in  New  South  Wales 
in  1907.  p    53,  Sydney,  1908 
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necessary,  but  perhaps  it  is  not  so  widely  known 
that  in  the  past  year  separate  outbreaks  that 
total  in  the  hundreds  liave  occurred  in  Mexico, 
Paris,  Fiunie,  and  our  own  Gulf  States. 

In  Seattle  and  San  Francisco,  due  to  the  en- 
ergetic action  of  the  U.  S.  Public  Health  Serv- 
ice, cooperating  with  the  local  authorities, 
plague  has  apparently  been  eradicated  from  both 
the  human  and  rat  ])oi)ulati()n.  although  in  Cali- 
fornia it  was  found  among  rats  at  least  eight 
months  after  the  last  human  case,  and  has  become 
endemic  and  apparently  ineradicable  among  the 
ground  squirrels.  In  New  Orleans,  the  epi- 
demic was  found  persisting  among  rats  eleven 
months  after  the  last  human  case,  and  in  spite 
of  the  continuance  of  anti-plague  measures, 
human  phigue  broke  out  again  in  that  city  in 
October,  lyiy,  after  an  apparent  freedom  of  over 
two  years.  In  spite  of  anti-pljigue  measures  of 
the  most  approved  tyj)e,  human  cases  are  still 
occurring  there,  and  it  is  not  jjerhaps  an  exag- 
geration to  state  that  the-  situation  was  brought 
under  control  within  two  months  and  any  note- 
worthy spread  of  the  infection  prevented  largely 
by  means  of  the  rat  proofing  measures  that  had 
been  accomplished  there  in  the  previous  six 
years.  Since  October,  16  human  cases  have  oc- 
curred with  six  deaths  ( September,  1920) .  Dur- 
ing the  same  period  over  300.000  rats  have  been 
tra])ped  and  examined  and  about  600  found  to 
be  infected  with  plague.  And  all  this  in  spite  of 
the  fact  that  .several  million  dollars  had  been 
spent  in  rat  proofing  most  of  the  city  and  all  but 
five  of  the  five  miles  of  river  dcKks. 

In  Galveston,  the  first  case  of  plague  was  rec- 
ognized on  June  6th  of  this  year,  since  which 
time  there  have .  occurred  12  cases  with  nine 
deaths.  In  Beaumont,  Texas,  the  first  human 
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case  was  observed  on  June  26th,  since  which 
time  there  have  been  12  cases  with  five  deaths. 
Although  the  source  of  these  epidemics  has  not 
been  definitely  traced,  it  was  probably  due  to 
shipping  transmission  in  both  instances.  For 
several  months  before  these  outbreaks,  it  had 
been  observed  that  the  rats  of  the  locality  were 
dying  in  unusually  large  numbers,  and  when  rat 
surveys  were  undertaken,  it  was  found  that  as 
high  as  20%  of  the  rats  caught  or  found  dead 
were  plague  infected.  Following  anti-plague 
measures  this  percentage  was  quickly  reduced, 
until  for  the  week  preceding  the  visit  of  the 
Plague  Conference  in  August,  no  plague  in- 
fected rats  had  been  found. 

Although  the  Galveston  outbreak  preceded 
that  of  Beaumont  and  was  apparently  less  wide- 
ly distributed  at  its  onset,  it  has  not  been  as  well 
controlled  on  account  of  less  successful  coopera- 
tion of  the  citizens  with  the  state  and  federal 
Public  Health  Services.  In  Beaumont,  not  only 
were  both  a  special  plague  laboratory  and  isola- 
tion hospital  quickly  established  with  adequate 
trapping,  rat  proofing  and  wrecking  squads  and 
insjiectors,  but  a  special  ordinance  was  passed 
giving  the  health  authorities  full  authority  to  dis- 
infect, survey  and  condemn  all  infected  or  rat- 
harboring  structures.  If  they  were  not  demol- 
ished or  made  satisfactorily  rat-proof  within  30 
days  of  notification,  the  structures  could  be  de- 
moHshed  or  made  rat-proof  by  the  health  au- 
thorities at  the  owner's  expense. 

In  the  light  of  these  and  similar  experiences 
elsewhere,  how  then  should  the  plague  danger 
be  met,  not  only  where  it  has  actually  gained  a 
foothold,  but  where  it  may  at  any  time  in  the 
near  future  be  introduced  (in  other  words,  in 
any  seaport  of  this  country)  ?  From  an  epi- 
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demiological  standpoint,  the  case  of  human 
plague  is  a  mere  incident,  "the  innocent  by- 
stander who  is  hit  by  the  brick."  Ail  energies 
and  resources  should  therefore  be  devoted  to 
fighting  the  rat,  whose  flea  is  responsible  for  the 
transmission  of  the  plague,  not  only  to  rats  and 
other  rodents  such  as  ground  squirrels,  but  to 
man  as  well. 

Anti-plague  measures  may  be  divided  into  the 


Fic.  I.     Exposed  rat  harboraK^  between  tlouble  walls 
f  frame  dwelling  house.     Showing  nest  and  accumu* 


ling 
tation  of  several  years  debris. 


following  categories:  (i)  "rat-proofing",  (2) 
rodent  extermination,  (3)  rat  survey,  (4)  treat- 
ment of  cases,  (5)  research  work. 

( I )  "Kai-proofing."  By  far  the  most  impor- 
tant measure  in  the  prevention  of  plague  is  the 
process  of  "rat-proofing,"  i.  e.  rendering  a  local- 
ity (houses,  barns,  sidewalks,  yards,  store- 
houses, docks,  shipping,  station,  freight  cars, 
etc.)  unfit  for  the  harborage  of  rats.  This  term 
does  not  imply,  nor  is  it  necessary,  that  rats 
cannot  gain  entrance  to  or  exist  in  rat  proof 
buildings ;  but  it  does  indicate  that  conditions 
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for  existence  and  reproduction  are  so  unfav- 
orable that  the  few  rats  that  do  gain  entrance 
will  soon  leave  for  more  favorable  surround- 
ings. That  "rat-proofing"  is  important  in  the 
eradication  of  plague,  as  well  as  in  its  preven- 
tion, is  shown  by  the  strenuous  and  strikingly 
successful  measures  adopted  by  the  U.  S.  Public 
Health  Service  in  cooperation  with  the  local 
health  authorities  during  the  past  15  years. 
The  most  important  item  in  "rat-proofing"  is 
the  safe  guarding  of  buildings,  either  by  con- 
crete floors  and  "chain  walls"  (class  A),  or  by 
elevation  of  house  at  least  18  inches  from  the 
ground  and  maintenance  of  this  space  free  from 
rubbish.  Incidentally,  in  New  Orleans  the  eco- 
nomic gain  of  rat-proofing  was  soon  demon- 
strated to  be  so  great  that  the  larger  corpora- 
tions willingly  cooperated  in  rat-proofing  meas- 
ures that  involved  an  expenditure  of  thousands 
of  dollars  on  their  part.  This  economic  gain 
comes  from  not  only  a  diminution  in  claims  for 
damage  by  rats  to  the  merchandise  handled,  but 
also  to  greater  efficiency  in  handling  same 
through  less  wear  and  tear  to  the  building,  to 
the  trucks,  etc.,  and  to  the  ability  to  move  goods 
over  the  smooth  surface  of  the  concrete  floors 
more  rapidly  and  with  less  labor.  Coincident 
with  the  rat-proofing  of  buildings,  sidewalks,  ■ 
etc.,  all  other  factors  favoring  rat  existence 
should  as  far  as  possible  be  eliminated.  This 
includes  such  details  as  the  proper  protection 
of  foodstuflfs  and  feed  bins,  and  the  proper  dis- 
posal of  garbage,  manure  and  rubbish.  It  is 
obvious  that  such  measures  are  also  highly  de- 
sirable from  a  general  sanitary  as  well  as  a 
specific  anti-plague  standpoint. 

Another  important  item  in  rat-proofing  a  lo- 
cality is  to  prevent  the  entrance  of  foreign  rats 
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from  shipping.  The  measures  commonly  used 
are:  (i)  Three  foot  funnel-and-disc  rat  guards 
on  all  hawsers,  (2)  "breasting"  the  ship  at  least 
15  feet  from  the  dock  by  means  of  suitable 
rafts,  and  (3)  loading  or  unloading  only  by  day- 
light or  with  strong  artificial  light,  the  gang- 
plank (at  least  10  feet  of  which  is  painted 
white)  being  lifted  at  all  other  times.  Even 
these  measures  are  not  absolute  protection  (for 
instance,  against  overhanging  sheds  or  other 
structures  on  the  dock)  and  lose  greatly  in  ef- 
ficiency unless  supported  by  a  strong  inspection 
force  and  the  public  opinion  of  the  community. 
For  in.stance  in  New  Orleans  to-day  ( Septem- 
ber, iij2o),  many  of  the  ships  have  rat  guards 
for  three-inch  cables  placed  on  one-inch  ropes, 
have  omitted  the  "breasting"  or  left  the  gang- 
])lank  down  all  day  and  unguarded.  Although 
introduction  of  rats  by  inland  freight  is  undoubt- 
edly of  minor  importance,  it  should  be  guarded 
against  by  insi)ettion  and  opening  of  double 
walls  of  freight  cars  at  least  one  foot  from  the 
floor. 

(2)  Rodent  extermination.  In  the  presence 
of  human  plague  or  of  the  epizootic  in  the  rats 
of  the  locality,  rodent  extermination  assumes 
primary  importance.  This  is  best  accomplished 
by  means  of  trapping  and  fumigating  (espe- 
cially for  ships  and  freight  cars)  although  it  has 
never  been  pos.sible  to  render  a  locality  entirely 
rat  free;  and  even  if  this  were  possible  it  would 
quickly  become  more  or  less  infested  under  con- 
ditions existing  to-day.  In  fact,  it  is  recognized 
that  even  an  extensive  campaign  of  extermina- 
tion is  only  of  temporary  benefit  (unless  accom- 
panied by  rat-proofing)  because  the  greater  fer- 
tility and  longevity  of  the  survivors  (due  to 
lessened  competition  and  relatively  greater  food 
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supply)  soon  brings  the  rat  population  back  to 
its  former  level. 

Rat  trapping  is  best  accomplished  by  dividing 
the  locality  into  districts  (each  trapper  being 
able  to  care  for  from  150  to  200  traps)  which 
are  grouped  into  zones  and  areas,  surpervised 
by  foremen  and  inspectors.  In  case  the  force  is 
unable  to  cope  with  the  whole  area  it  is  best  to 
adopt  some  selective  plan,  such  as  that  carried 
out  by  Heiser  in  Manila.  Trapped  rats  are  ac- 
curately tagged  with  place  of  capture,  etc.,  and 
brought  daily  to  headquarters,  where  they  are 
rid  of  fleas  by  dipping  in  pure  kerosene,  and 
preserved  on  ice  for  laboratory  study.  Here  all 
rats  are  nailed  on  shingles  with  magnetic  ham- 
mers, organs  and  lymphnodes  exposed  by  a 
median  incision  with  lateral  cuts  on  the  limbs, 
and  smears  made  from  all  suspicious  rats.  This 
is  followed  by  rubbing  suspected  tissues  on  the 
abrased,  shaved  abdomen  of  a  guinea  pig.  This 
should  cause  buboes  and  death  within  a  week  in 
positive  cases.  The  typical  lesions  in  the  rat  con- 
sist of  ( 1 )  subcutaneous  and  visceral  congestion  ; 
(2)  buboes  of  inguinal,  axillary  and  cervical 
lymphnodes  (though  these  are  common  in  rats 
from  other  cau.ses)  ;  (3)  focal  necrosis  of  liver 
(granular  or  "peppery")  or  fatty  degeneration; 
(4)  watery,  hemorrhagic  pleural  effusion.  (5) 
"Resolving  plague"  may  be  accompanied  by  ab- 
scesses or  linear  scars  in  the  spleen.  Confusion 
may  be  caused  by  rat  leprosy,  nematode  infec- 
tion, pseudotuberculosis  and  hemorrhagic  septi- 
cemia of  guinea  pigs.  In  suspected  human 
cases  blood  cultures  of  bipolar  staining.  Fried- 
lander's  bacilli  have  caused  difficulties  in  diag- 
nosis. 

Fumigation  is  best  obtained  with  hydrocyanic 
gas.      This    is    performed    in    freight    cars    of 
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a|)])ri)xini;itely  3,000  cubic  feet  as  follows: 
Witli  tlie  cioor  mostly  shut  and  strips  of 
paper  pasted  over  it,  a  bucket  containing  two 
pints  of  commercial  sulphuric  acid  and  three 
pints  of  water  is  placed  inside.  Into  this  is 
dropped  18  ounces  of  sodium  cyanide,  and  the 
door  shut  and  sealed  before  the  gas  begins  to 
arise.  This  is  left  for  one  hour,  when  both 
doors  are  opened  and  the  car  well  ventilated 
before  anyone  is  allowed  to  enter.  Essentially 
the  same  procedure  is  adopted  on  shipboard 
(preferably  empty  of  cargo),  although  it  is  not 
considered  possible  to  kill  all  the  rats  with  one 
fumigation  as  it  is  in  freight  cars,  appropriate 
blowers  and  exhaust  fans  are  used  and  white 
mice  and  cats  in  cages  used  to  test  subsequent 
ventilation.  Cage  traps  are  only  used  where  it 
is  necessary  to  get  live  animals  for  experimental 
work  (inoculation,  number  of  fleas,  etc.)  or 
when  a  female  in  heat  is  used  to  attract  males. 
Barrel  traps  are  only  occasionally  used.  Im- 
portant items  in  rat  trapping  are  to  get  or  teach 
experienced  trappers  and  supervisors,  confine 
each  trapper  strictly  to  his  own  district,  and  to 
place  a  bounty  on  the  rats  caught,  live  or  dead. 
(3)  Rat  Surz'cy.  This  important  measure 
("the  eyes  of  the  campaign")  may  be  conducted 
either  when  plague  infection  is  suspected,  is 
present  or  has  recently  been  eradicated.  The 
number  of  rats  to  be  caught  varies  with  local 
circumstances,  but  to  be  entirely  adequate 
should  be  10%  of  the  human  population.  The 
cdst  is  estimated  to  be  between  50  cents  and 
$1.30  per  rat.  If  rats  are  caught  and  examined 
as  above  described,  an  accurate  picture  can  be 
obtained  of  the  number  and  distribution  of  the 
normal  and  infected  rat  population.  It  has  al- 
ways been  the  historv*  of  well-observed  plague 
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outbreaks  that  the  epizootic  has  existed  in  in- 
creasing amounts  in  the  rat  population  for  sev- 
eral months  before  it  has  attacked  mankind,  and 
this  has  often  become  apparent  through  the  ob- 
servation of  an  unusual  number  of  dead  rats. 
Occasional  surveys,  therefore,  in  cities,  either 
free  from  plague  or  where  it  has  been  recently 
eradicated,  will  give  accurate  reassurance  of 
continued  freedom  in  the  near  future.  Without 
adequate  surveys  the  epizootic  may  reach  dan- 


FiG.  2.  Interior  (with  flooring  removed)  of  site 
of  first  case  of  human  plague.  Beaumont.  Prelim- 
inary.to  disinfection. 

gerous  proportions,  as  in  the  recent  case  of  New 
Orleans,  where  human  plague  recrudesced  after 
two  years  of  freedom  had  given  an  unwar- 
ranted sense  of  safety. 

(4)  Treat  in  cut  of  Cases.  Plague  cases  are 
best  treated  with  serum  from  horses  immunized 
with  a  variety  of  strains  of  B.  Pestis.  Immuni- 
zation is  accomplished  by  the  usual  subcutane- 
ous and  intravenous  injection,  and  doses  up  to 
200  cc.  given  at  frequent  intervals  intravenous- 
ly. These  are  usually  preceded  by  morphine 
and  atropine.  Unit  standardization  of  the 
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serum  had  not  yet  been  accomplished.  Vacci- 
nation of  exposed  individuals  with  B.  pestis 
(killed  in  the  usual  way)  is  also  employed,  al- 
tiiough  if  exposure  has  been  grave  (e.g..  a  known 
bite  from  a  rat  flea)  serum  propiiylaxis  is  pre- 
ferred. Good  results  follow  the  use  of  serum  ' 
in  the  South  to-day,  although  it  is  admitted  that 
the  epidemic  is  nftt  a  virulent  one.  Other  reme- 
dial measures  such  as  sedatives,  cardiac  stimu- 
lation and  anti-febrile  measures  are  of  course 
employed  as  indicated. 

(5)  Research  Work.  There  still  remain 
many  important  facts  to  be  elicited  about  the 
control  of  plague.  For  instance.  ( i )  as  to  the 
biolog)'  of  the  rat  flea,  little  is  known  as  to  its 
viability  after  death  of  the  host,  how*  far  it  will 
travel  to  seek  a  human  host,  conditions  govern- 
ing such  .search,  etc.:  (2)  importance  of  other 
tran.smitters  (such  as  bedbugs,  lice,  ants)  and 
of  intermediate  hosts  other  than  the  rat;  (3) 
conditions  governing  spread  of  infection  by 
land  routes  (4)  and  types  of  disease  (bubonic, 
pneumonic,  or  "i>estis  minor")  ;  (5)  impor- 
tance of  substrains  of  B.  pestis  as  to  violence  of 
epidemic;  (6)  production  of  vaccines;  (7)  pro- 
duction of  immune  serum  of  higher  titre  and 
.standardized  strength. 

As  regards  the  present  plague  problem  in  the 
State  of  Pennsylvania  and  other  northern  states, 
it  would  seem  best  to  concentrate  efforts  on 
"rat-proofing,"  so  that  when  plague  does  appear 
in  this  locality  we  shall  be  insured  against  its 
rapid  extension.  Combined  with  this,  there 
should  be  occasional  rat  surveys  in  our  single 
large  seaport.  In  view  of  the  present  .state  of 
the  count "-y  perhaps  the  greatest  step  would  be 
,  to  secure  state  or  local  ordinances  that  all  fu-  ' 
ture  building-construction  should  be  "rat-proof" 
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in  the  present  sense  of  the  term.  A  regulation 
that  all  repairs  amounting  to  more  than  50%  of 
the  total  cost  should  necessitate  rat-proofing  the 
structure  would  also  be  of  great  value.  It  is  of 
course  obvious  that  even  such  measures  would 
cost  considerable  private  expense  if  vigorously 
enforced  throughout  the  state,  and  that  it  would 
be  many  years  before  their  full  effect  would  be 
manifest.  Nevertheless,  as  an  insurance  against 
plague,  the  expense  would  be  justified  many 
fold  and  if  the  economic  gain  can  also  be  prop- 
erly demonstrated  it  is  not  unreasonable  to  ex- 
pect a  certain  amount  of  public  cooperation.     It 


Fig.  3.  Lodging  House  in  Beaumont,  the  site  of 
a  case  of  human  plague.  Rat  proofed  with  concrete 
and  elevation.      (See   lower  right  hand  corner.) 

must  be  recognized,  however,  that  as  long  as  the 
public  lacks  the  stimulus  of  the  actual  presence 
of  plague,  it  will  take  energetic  action  on  the 
part  of  health  authorities  and  doctors  to  make 
the  people  alive  to  the  situation.  I  am  happy  to 
say  that  a  formal  request  has  been  made  by  the 
State  Department  of  Health  to  the  commission 
that  is  now  revising  the  building  laws,  that  ade- 
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qiiate  provision  for  rat-proofing  all  future  struc- 
tures be  inserted. 

Any  funds  available  through  tiie  present  in- 
terest in  the  plague  problem  or  for  other  rea- 
sons, should  best  be  spent  in  assuring  the  effi- 
cient execution  of  the  measures  just  described 
or  in  publicity  measures,  which  would  educate 
property  holders  and  merchants  as  to  the  eco- 
nomic losses  and  sanitary  dangers  of  a  rat  in- 
fested community.  This  would  be  carried  out 
in  the  hope  that  eventually  individuals  would  to 
a  certain  extent  undertake  rat-proofing  and  rat 
control  at  their  own  expense.  "Deratization," 
being  only  of  temporary  value,  should  not  be 
allowed  to  divert  resources  from  permanent  rat- 
])roofing  measures,  as  long  as  plague  has  not 
actually  appeared  in  or  near  the  community. 

SUMMARY 

1.  The  present  pandemic  of  the  plague,  which 
has  caused  literally  millions  of  deaths  in  the 
past  26  years,  will  be  a  constant  threat  to  this 
country  for  at  least  another  half  century.  The 
Manchurian  pneumonic  plague  of  191 1  has 
demonstrated  the  possibility  of  an  extensive  epi- 
demic of  the  most  virulent  type,  and  transmitted 
over  land,  in  a  climate  similar  to  our  own. 

2.  Experience  in  this  country  for  the  past  15 
years,  and  in  the  epidemic  now  existing  in  the 
Gulf  States,  confirms  the  generally  held  opinion 
that  anti-plague  measures  should  be  directed 
chiefly  against  the  rat. 

3.  In  the  prevention  of  plague,  by  far  the 
most  important  measure  is  the  proce.ss  of  "rat- 
I)roofing",  accompanied  by  an  occasional  "rat 
survey." 

4.  In  the  actual  presence  of  plague,  both  these 
measures  should  be  accompanied  by  extensive 
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rodent   extermination, .  together    with    isolation 
and  serum  treatment  of  human  cases. 

5.  Many  plague  problems  still  await  solution 
by  special  investigations. 

6.  In  this  state,  until  stimulated  by  the  actual 
presence  of  plague  in  the  neighborhood,  efforts 
at  rat-proofing  had  best  be  restricted  to  the  in- 
clusion in  building  laws  of  the  adequate  rat- 
proofing  of  new  structures  or  those  undergoing 
extensive  repairs ;  and  to  publicity  measures 
which  would  educate  property  holders  and  mer- 
chants as  to  the  economic  loses  and  sanitary  dan- 
gers of  a  rat  infested  community. 

DISCUSSION 

Dr.  M.  Howard  FussEll,  Chairman  (Philadelphia)  : 
1  should  like  to  ask  Dr.  Krumbhaar  if  the  pulmonary 
form  of  plague  can  be  disseminated  by  the  sputum  of 
the  patient  suffering  from  the  plague. 

Dr.  Krumbhaar:  Yes,  unfortunately,  it  is  chiefly 
disseminated  in  this  way  by  direct  contact.  The  bu- 
bonic form  is  disseminated  by  the  bite  of  the  flea. 

Chairman  Fussell:    How  about  the  serum? 

Dr.  Krumbhaar:  That  has  given  very  promising 
results.  There  are  apparently  very  many  different 
strains  of  the  plague  bacillus  differing  in  cultural 
characteristics.  Serum  was  made  in  New  Orleans  by 
taking  twenty-six  of  the  different  strains  secured  on 
different  geographical  sites ;  it  was  prepared  in  the 
usual  way  by  injecting  at  first  very  small  doses,  then 
in  larger  and  larger  amounts.  The  serum  is  given  to 
the  patient  in  as  high  as  200  c.c.  doses,  preceded  by 
morphine  and  atropine,  and  as  soon  as  the  patient 
seems  able  to  stand  it  the  dose  is  repeated.  It  is 
rather  a  heroic  treatment,  but  the  southern  doctors 
thought  very  highly  of  it.  It  is  hard  to  estimate  the 
value  of  the  serum.  This  has  not  been  standardized 
yet,  and  on  top  of  that  is  the  difficulty  that  the  viru- 
lence of  the  plague  bacillus  varies  much.  In  Man- 
churia one  hundred  per  cent,  died ;  not  a  recovery.  In 
other  epidemics  of  the  bubonic  form,  from  seventy- 
five  per  cent,  down  to  as  low  as  thirty  per  cent.  die. 
There  is  a  form  called  "pestis  minor"  that  is  very  un- 
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important.  It  is  hard  to  get  an  accurate  estimation  of 
the  value  of  the  serum;  those  who  use  it  think  well  of 
it.  hut  they  are  still  trying  to  get  a  more  potent  and 
valuable  serum. 

Dr.  F.nw.\Rn  Martin.  Commissioner  of  Health 
(Philadelphia)  :  .Acting  as  your  agent,  and  because  it 
is  obvious  to  any  one  who  has  given  the  least  atten- 
tion to  this  subject,  and  because  the  function  of  the 
Health  Department  is  prevention,  Dr.  Krumbhaar  was 
delegated  to  attend  the  Galveston  convention,  from 
which  he  has  brought  so  many  valuable  suggestions. 

.•\s  a  result  of  this  report,  and  in  accordance  with 
the  attitude  taken  by  the  Health  Department  of  the 
United  States,  there  is  now  being  incorporated  in  the 
new  building  code  a  clause  in  virtue  of  which  every 
structure  erected  in  Pennsylvania  shall  be  rat  proof. 
This  adds  only  moderately  to  the  expense,  and  it  gives 
us  the  assurance  of  protection.  It  is  acknowledged 
by  all  who  have  struggled  against  these  epidemics  in 
their  large  proportion,  that  rat  extermination  is  im- 
possible. It  behooves  Pennsylvania  to  act  now,  lest 
it  have  to  spend  not  only  millions  but  billions  in  a 
costly  struggle  against  this  destructive  and  fatal  dis- 
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On  December  14,  1920,  a  young  man,  agetl  nineteen  years, 
entered  the  metlieal  wards  of  the  Pennsylvania  Ilo.spital,  service 
I'f  Dr.  Cieorge  W.  Norris,  sulTering  from  malaria,  which  he  had 
1  ontracteil  five  months  l)cfore  on  the  coast  of  Mexico,  while  serv- 
ing in  the  navy.  He  had  been  treated  and  supposedly  cured,  and 
was  now  suffering  from  a  return  of  typical  symptoms  of  tertian 
malaria.  His  previous  metlical  history  was  negative.  Up  until 
five  months  previous  he  had  never  been  ill  enough  to  see  a  doctor, 
and  he  denied  venereal  histon.'— never  any  sore  on  the  genitals, 
no  rash,  sore-throat,  falling  of  the  hair,  severe  headaches  or  pains 
in  his  bones  at  any  time.  His  family  history  was  also  entirely 
negative,  father  and  mother  living  and  well,  and  he  never  had 
heard  that  his  mother  had  had  miscarriages. 

His  i)hysical  examination  was  negative,  except  for  the  enlargetl 
spleen  characteristic  of  malaria,  a  slightly  enlarged  liver,  and  a 
marked  pallor.  His  eyes  and  teeth  were  perfectly  normal;  there 
were  but  few  ])alj)able  lynij)!!  nwles;  supracoiuhlar  glands  not 
felt;  no  jwriosteal  no<les  or  l)o\ving  of  the  tibiie;  lungs  clear; 
heart  normal  and  genitalia  negative. 

His  1)I(hm1  on  {idmission  showcil  red  1)1(hh1  cells,  2,.5()0,000;  hemo- 
globin, 42  per  cent,  and  was  loade<l  with  tertian  parasites.  Urine 
negative. 

He  was  inunediately  put  Ujjon  quinine,  .30  gr.  \>ct  <lay,  and 
Ulaud's  pills,  and  at  once  In'gan  to  improve. 

On  December  17,  the  laboratory  rcjMirteil  that  the  patient's 
blcHKl  Wassermaim  was  weakly  ])ositive.  S])inal  fluid  was  not 
examined.  On  Dcceinl)er  21,  the  patient  was  tlischargetJ,  with 
instructions  to  take  quinine  for  ninety  daj-s,  according  to  Bass's 
ad\  ice'  %nd  then  return  to  have  his  Wassermann  repeated. 

'  Hx-s.-*,  C.  C:     Jour.  Oklahoma  Medical  Ansociution,  I'.i-l),  13,  Jsl. 
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This  case  caused  much  discussion  as  to  the  significance  to  be 
attached  to  his  positive  Wasserraann.  There  was  an  impression 
among  the  staff  that  malaria  is  frequently  associated  with  a  positive 
reaction,  but  as  no  one  was  definitely  sure  of  this  the  decision  was 
reached  to  ignore  the  Wasserraann  and  treat  his  malaria,  taking 
up  the  question  of  syphilis  later.  I  may  say  here  that  he  has 
not  appeared  since  and  has  been  lost  track  of.  Letters  to  his 
address  are  returned  by  the  post-office. 

The  question  thus  raised  was  only  partially  settled  by  reference 
to  certain  widely  used  text-books.  Osier's  Practice,  edition  of 
1920,  failed  to  mention  the  possibility  that  the  Wasserraann  might 
be  positive  in  diseases  other  than  syphilis.  Schamberg,  in  his 
Dermatology,  edition  of  1915,  says  only  "Positive  Wasserraann 
reactions  may  be  obtained  in  yaws,  and  in  a  proportion  of  cases 
of  malaria,  leprosy,  etc.,  and  within  a  period  of  twenty-four  to 
forty-eight  hours  after  the  administration  of  ether." 

Osier  and  Churchman  {Modern  Medicine,  1914)  say  the  reaction 
is  positive  in  syphilis,  tubercular  leprosy  and  fresh  malaria;  that 
in  other  fevers  and  wasting  diseases  partial  deviation  of  com- 
plement may  occur,  but  these  reactions  are  not  truly  positive. 

Lespinasse'  says  the  reaction  is  not  absolutely  specific  but  is 
considered  evidence  of  syphilis  except  in  yaws,  tubercular  leprosy, 
some  cases  of  relapsing  fever,  malaria  during  the  febrile  stage, 
sorhe  cases  of  experimental  trypanosomiasis  and  beriberi.  In 
all  other  cases  it  is  impossible  to  rule  out  associated  syphilis. 

Connor'  says  that  false  positives  are  known  to  occur  in  leprosy, 
yaws,  relapsing  fever,  malaria  during  the  febrile  stage  and  in  dia- 
betes with  acidosis. 

When  the  Wasserraann  reaction  was  first  introduced  it  was 
supposed  to  be  specific— to  be  dependent  upon  a  specific  sub- 
stance in  the  blood.  Subsequent  investigation  has  shown  this 
belief  to  be  fallacious;  but  though  the  theory  of  the  test  has  been 
impugned,  investigation  has  raerely  confirmed  the  belief  in  its 
specificity.  Its  efficiency  is  very  high— all  early  luetic  cases  can 
be  detected  if  several  tests  are  done  at  short  inter\-als,  provided 
the  technic  is  right.  At  the  same  time  there  have  been  many 
reports  of  cases  other  than  syphilis  with  a  positive  reaction.  Many 
of  these  reports  can  be  accounted  for  by  faulty  technic.  The  test 
is  so  complicated,  and  such  meticulous  accuracy  is  required  in 
all  its  details,  that  there  is  a  large  leeway  for  error  and  the  human 
equation.  By  now  the  test  as  done  in  a  good  laboratory  can  be 
relied  on  and  the  results  of  different  men. on  the  same  specimen  of 
blood  are  in  most  cases  consistent,  but  this  degree  of  efficiency 
did  not  always  obtain. 

'  Tice's  Practice  of  Medicine,  1920. 
'  Oxford  Loose-leaf  Medicine,  1921. 
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'riiero  is  at  pri'st'iit  no  stiiiulanli/.ed  nietliod  p-iu'rally  acwptc<l 
for  (•(iiulucting  the  test,  and  there  are  nearly  as  many  ni()(lifi<'ations 
as  there  are  workers  in  tliis  field.  The  wonchT  therefore  is  tliaf 
tlie  test  is  so  very  reliable. 

Tlie  antifiens  in  most  connnon  use  are  the  syj)hilitie,  the  Nof^uehi 
and  the  cholesterinized  — the  latter  the  most  sensitive. 

The  reading  of  the  test  is  important.  The  remlings  usually 
reported  are  four-i)his,  comi)lete  inhibition;  three-plus,  over  75 
per  cent  inhibition;  two-plus,  .^)-7o  per  eent  iidiibition;  plus, 
'2o-iH)  per  eent;  plus-minus,  under  25  per  eent;  and  negative, 
complete  hemolysis.  In  many  case-;  oiil>'  four  insteail  of  five 
positive  degrees  arc  rejwrtetl. 

These  five  or  six  reports  may,  for  all  practical  purposes,  l)e  con- 
den.sed  into  three— jjositive,  complete  inhibition  of  hemolysis; 
negative,  complete  hemolysis;  and  doubtful,  anything  Ix-tween  the 
two.  A  jKisitive  reaction  means  syphilis  if  the  few  other  conditions 
that  are  still  recognized  as  giving  a  positive  can  be  excluded.  One 
single  negative  standing  alone  is  worthless  in  excluding  lues,  but 
is  very  \alual)le  confirmatory  evidence,  and  a  doubtful  reaction 
must  be  interjireted  by  the  clinician.  It  is  unjust  to  any  patient 
to  diagnose  sy])hilis  by  the  li'a.'isermann  alone,  unless  it  shows 
comi)lcte  or  i)ractically  complete  hemolysis.  In  a  case  kno.vn 
to  be  luetic,  a  doubtful  (one,  two  or  three  plus)  reaction  is  an 
indication  for  further  treatment.* 

It  is  the  clinician's  business  to  interpret  the  test;  the  laboratory 
should  merely  rejiort  the  behavior  of  the  sennn  when  tested.  For 
this  reason  Craig  thinks  it  In-tter  that  the  laboratory  man  should 
not  know  the  history  of  the  case,  lest  his  reading  of  the  test  be 
biassed  and  erroneous. 

There  is  hardly  a  disease  known  in  which  the  Wassermann  has 
not  at  some  time  been  reported  i^ositive,  but  most  often  in  the 
other  ])rotozoan  disea.ses.  So  striking  used  to  be  the  i)roj)ortion 
of  positives  in  these  eases,  that  \{.  Miiller,  of  Vienna,*  decided 
that  scarlatina  could  not  l>e  a  i)rotozoan  disease  l)ecause  he  so  rarely 
found  the  Wassermann  positive,  though  he  says  positives  do 
occur,  rarely,  in  the  disease.  (1  need  not  say  that  Miiller  stands 
practically  ahnie  in  this  view  of  the  reasons  for  regarding  scarlet 
fever  as  non-protozoal  in  etiology. 

Miiller  found  that  in  SS  per  cent  ot  ca.scs  ot  yaws  the  Wasser- 
maiui  reacticm  is  j>ositive.  He  records  that  the  results  of  different 
authors  in  malaria  arc  variable.  IJohn,  he  says,  found  a  ])ositive 
reaction  in  :{5  ])er  cent  of  his  4G  cases,  the  reaction  disjippearing 
when  the  malaria  was  cured. 

Bauermann  and  Wetter  (quoted  by  Miiller)  using  larger  mate- 

•  Sec  "The  Wassermann  Tost,"  by  C.  F.  Crai«,  1U2I. 

•  Die  Scro-Diagnosc  dcr  Syphilis,  1913,  Viuuua. 
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rial,  found  only  otcasionally  an  incomplete  reaction,  almost 
exclusively  as  the  fever  was  rising.  A  reaction  still  i)ositi\e  three 
days  after  the  disajjpearance  of  all  fever,  in  their  opinion,  signifies 
lues. 

Other  non-specific  positives  are  rare.  The  reasons  why  they 
do  occur  are  not  known.  Miiller  gives  3  per  cent  positive  in 
ad\anced  tuberculosis  and  says  that  the  test  is  very  occasionally 
jjositive  in  various  tumors,  especially  carcinoma,  but  only  when 
the  patient  is  in  extremis,  with  generalized  metastases. 

Tubercular  leprosy  shows  the  large  proportion  of  19  per  cent 
of  positive  reactions,  but  curiously  enough,  in  Miiller's  experience, 
the  anesthetic  form  was  invariably  negative. 

Kolmer  and  C'asselman"  found  the  Wassermann  to  be  weakly 
positive  in  19  per  cent  of  cases  of  psoriasis.  Of  250  cases  of  scarlet 
fever  they  found  none  with  a  positive  reaction. 

They  record  5  cases  of  malaria;  3  of  these  had  negative  reactions; 
of  the  other  2,  1  was  frankly  luetic.  The  history  of  the  cither 
patient  was  not  obtained.  In  discussing  this  paper.  Dr.  John 
A.  Roddy,  of  Philadelphia,  said  that  in  the  Canal  Zone,  during 
the  summer  of  1913,  he  saw  hundreds  of  cases  of  malaria  on  whose 
serum  a  Wassermann  reaction  was  performed,  with  uniformly 
negative  results. 

Kolmer'  says  the  reaction  is  highly  specific,  but  is  so  beset  with 
technical  difficoilties  that  much  confusion  has  been  caused.  Many 
of  the  non-specific  reactions  that  have  been  reported  we  now 
know  must  have  been  due  to  technical  errors,  though  false  posi- 
tives undoubtedly  occur.  Usually  there  is  no  diflnculty  in  dif- 
ferential diagnosis.  Kolmer  finds  the  reaction  often  positive  in 
yaws  and  in  leprosy.  Positives  have  been  reported  in  malaria 
during  the  febrile  stage,  but  all  of  his  11  cases  were  negative.  In 
scarlet  fever  the  reaction  is  uniformly  negative,  though  the  opinion 
still  prevails  that  the  reverse  is  true. 

Anesthesia  and  pellagra  both  are  occasionally  found  associated 
with  positive  reactions. 

The  cerebrospinal  fluid  is  much  less  subject  to  error  than  the 
blood  serum.  He  has  found  it  positive  only  in  cases  of  yaws  and 
of  leprosy  in  addition  to  syphilis. 

B  Hermann  and  Wetter*  found  no  positive  reaction  in  10  cases 
of  malaria. 

Michaelis  and  Lesser'  found  1  positive  reaction  in  a  large  series 
of  malaria  cases. 


•  Penna.  Med.  Jour.,  1913,  17,  217. 

'  Text-book  of  Infection,  Immunity  and  Specific  Therapy,  1915,  p.  465  et  seq. 
«  Wion.  klin.  Wchnschr.,  1908,  21,  1765. 

•  Berl.  kUn.  Wchnschr.,  1908,  46,  301. 
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Kuilolph  Uuhinan'"  fouiul  5  positives  in  99  miscellaneous  noii- 
luctic  cases;  '.i  of  these  cases  were  tiil)erc-uIous  leprosy,  the  other 
2  were  tuUTcuIar,  and  later  gave  a  fairly  definite  history  of  lues. 
InchultHl  in  the  list  were  l.'j  cases  of  s<'arlet  fever  and  10  of  malaria, 
in  all  of  whom  the  reaction  was  ne>rative. 

("rain"  '••'•'•'^  f"*!^*^  jwisitives  with  regularity  only  in  yaws,  tuhcr- 
culous  leprosy,  some  cases  of  relai)sinj;  fever,  some  malarial  infections 
in  the  feJjrile  stage  only,  and  in  some  cases  of  exi)erimental  trjpano- 
somiasis  in  animals.  He  says  that  tulierculosis  is  more  conunonly 
a.ss(xiate<l  with  syphilis  than  any  other  disease  and  that  syi)hilis 
of  the  lung  is  not  infrequently  called  tuberculosis.  If  sNqjhilis 
be  excluded,  tulicrculosis  does  not  give  a  positive  reaction.  If 
the  i)ositive  Wasscrnuinn  in  nudaria  i)ersists  after  the  disapi)earance 
of  all  fever,  sj-])hilis  is  a  com])lication  in  the  opinion  of  Craig  and 
other  observers. 

.\nesthetic  lei)rosy  is  never  ])ositive;  even  in  the  nodular  form 
it  is  dilKcidt  to  be  dogmatic,  for  this  disease  occurs  almost  ex- 
clusively among  savage  or  imcivilized  races,  which  are  so  thoroughly 
IxTuieated  witli  syphilis  that  to  exclude  it  is  very  difficult  in  any 
given  case. 

A  large  j)ercentage  of  positives  in  non-luetic  conditions,  in  Craig's 
oi)inion,  means  faulty  tcchnic  in  the  laboratory. 

In  2()4:3  non-luetic  cases  on  whom  the  test  was  i)€rformetl  by 
this  observer,'-  only  11  positives  were  found,  0.4  per  cent.  Four  of 
these  cases  had  malaria  and  the  reaction  disappeared  with  the 
fever.  The  other  cases  were  divided  as  follows:  tuberculosis  .3; 
pityriasis  rosea,  H;  diagnosis  not  made,  1.  Two  of  the  tuberculous 
patients  later  gave  suspicious  histories  and  cleared  up  under  anti- 
si)ecific  treatment. 

M.  ().  Higgs,"  reports  10  cases  of  " thyroidogenous  psychosis," 
with  varied  mental  symptoms  and  the  ordinary  symi)t()ms  of 
(iraves's  disease.  In  no  case  was  there  any  evidence  of  lues  either 
on  physical  examination  or  in  the  personal  or  family  history.  In 
every  case  the  blood  Wassermann  was  more  or  less  strongly  positi\e. 
None  of  these  patients  were  operatetl  uix)n  nor  was  spinal  fluid 
Wassermann  done. 

He  reports'!  more  case,  not  insane,  a  wonuui  with  (Jravcs's 
disea.se  of  rather  severe  degree,  of  twenty-five  years'  standing. 
Her  hist<iry  and  physical  examination  were  entirely  negative; 
Wassernumn  was  positive  at  the  time  of  oinration.  The  oiwration 
was  entirely  successful.  One  year  later  the  patient  was  symptom- 
free  and  her  \Vassermaiui  was  negative.  No  antiluetic  treatment 
had  been  taken. 

■•  Tr.  Am.  Oyn.  Soc,  1016,  41,  319.  <>  Loo.  eit. 

"  (raid.  C.  ¥.:     Am.  Jouh.  M«d.  S<\,  1915.  149,  41. 
"  Jour.  Missouri  Medical  Association.  191U,  16,  :<'i)j. 
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Jean  Golay'^  gives  the  results  of  his  experience  in  the  following 
table: 

No.  of 
Diagnosis.  Specimens.      Negative.  Po«itive. 

Hcaltli 13  13 

Scarlatina 19  18                  1  weakly  positive 

Tuberculosis 13  12                  I  weakly  positive 

Neoplasms 9                   9 

Dialietes 1                    1 

Pneumonia 2                   2 

Icterus 3                    1                  2  weakly  positive 

A.  Toiiraine''  says  that  the  reaction  is  usually  positive,  in 
spirothctal  and  trj'panosoinal  diseases.  In  chronic  malaria  he  finds 
it  always  negative.  In  the  acute  form  he  very  often  finds  it  positive 
during  the  rise  of  the  fever  (202  cases  out  of  326)  subsequently 
becoming  negative. 

He  considers  the  reaction  to  be  not  infrequently  positive  in  aciite 
fevers  in  general,  disappearing  with  the  fever.  In  chronic  infections 
—tuberculosis  and  leprosy  — it  is  much  less  frequent.  He  says  the 
reaction  is  often  p()siti\e  after  anesthesia  with  ether  and  especially 
with  chloroform,  but  never  after  nitrous  oxide. 

In  the  Hospital  of  the  University  of  Pennsylvania,  between 
190(5  (when  the  Wassermann  reaction  was  first  reported)  and 
February,  1921,  75  cases  of  malaria  occurred,  but  not  until  1910 
was  a  Wassermann  done  routinely  on  all  cases.  The  earlier  tests 
were  done  only  where  the  history  was  suspicious  or  the  diagnosis 
for  a  time  in  doubt.  Twenty-one  tests  in  all  were  done  on  malaria 
patients,  but  only  8  of  these  were  routine. 

Of  these  21  cases  the  Wassermann  was  negative  in  12,  of  which  .3 
were  routine.  In  6  cases  the  reaction  was  positive,  in  the  presence 
oi  either  a  frank  venereal  history,  or  one  strongly  suspicious,  e.  g., 
admission  of  gonorrhea,  multiple  miscarriages  in  wife,  generalized 
adenopathy,  etc.  One  case  had  a  doubtful  reaction  with  negative 
history;  1  other  with  suspicious  history  had  anticomplementary 
serum  and  the  test  was  not  interpreted.  This  patient,  however, 
was  considered  luetic  at  the  time  and  a  later  Wassermann  was 
positive  outside.  In  only  1  case  of  the  21  tested  was  there  a  com- 
pletely negative  luetic  history,  with  a  weakly  positive  reaction. 
Concerning  this  patient,  a  young  colored  girl.  Dr.  George  V.  Jan- 
vier, of  Lansdowne^  Pa.,  her  physician,  reports  that  he  has  not 
seen  her  since  she  entered  the  hospital,  and  he  knows  nothing  of 
her  subsequent  historj'. 

In  no  case  was  the  reaction  repeated  in  the  hospital,  even  in  the 
probably  syphilitic  cases,  nor  is  there  any  record  of  the  time  in  the 
malarial  cycle  when  blood  was  drawn  for  the  test.  It  would  be 
very  interesting  and  important  to  know  this  in  the  2  cases  w  ith 

"  Internat.  Clinics,  1920,  4,  79. 
"  Rev.  de  Med.,  1920,  37,  103. 
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positive  reactions  and  negative  histories,  but  there  is  at  present 
no  way  of  finding  tliis  out. 

In  the  IMiilatielphia  (leneral  Il(>si)itiil  since  I'.HO  there  liave 
been  a  total  of  154  eases  of  malaria.  Here,  also,  the  Wasserniann 
was  not  (lone  as  a  routine  measure  but  only  in  suspicious  eases. 
In  fact,  ll{()  of  the  154  eases  were  not  tested.  Of  the  remaining 
24  the  reaetion  was  negative  in  15,  and  9  eases  were  either  frankly 
luetic  or  lues  could  not  l)e  excluded.  Here,  also,  the  reaetion  was 
not  repeattnl  in  the  hosjjital  and  no  record  was  made  of  the  time 
in  the  malarial  cycle  when  blood  was  drawn. 

In  the  I'ennsylvania  Hospital  from  1910  to  the  end  of  1920  there 
have  Wen  232  eases  of  malaria,  of  which  only  27  were  subjeeted 
to  the  Wasserniann  reaction.  C)f  these  20  were  negative,  6  were 
positive,  but  lues  was  not  excluded.  One  case  showed  a  false 
positi\-e.  This  is  the  only  case  I  have  seen  in  which  the  time  of 
drawing  blwHl  could  \yc  established  and  where  the  reacti«)n  was 
rejH^ateil  witii  negative  results. 

Cask— J.  F.,  admitttnl  to  the  Peimsylvania  Hospital  August  30, 
1914,  suffering  with  malaria:  Venereal  history  negative— denied 
venereal  and  the  physical  examination  was  likewise  negative.  He 
had  a  chill  .\ugust  30.  tl  e  day  of  admission,  and  one  the  next 
day,  but  none  thereafter.  On  .September  1  his  Wasserniann  was 
reported  positive  pn  blcHul  that  was  therefore  taken  either  during 
or  ver>-  sh(»rtly  after  a  ehill.  He  was  discharged  very  much 
improve*!  on  Septenilier  4,  and  his  second  Wasserniann  was  re- 
ported negative  on  .September  5,  the  next  day.  It  seems  likely 
that  l)l()0(l  for  this  test  was  taken  on  Septeml)er  4— or  at  any 
rate  long  enough  after  his  last  chill  for  the  malaria  to  have  ceased 
to  iiiHuence  his  serum. 

To  summarize,  4(U  cases  of  malaria  have  Ikh'ii  examined;  73 
of  these,  or  Hi  percent,  were  subjected  to  the  Wasserniann  test. 
Of  these  73,  23,  or  32  jier  cent,  were  positive,  with  lues  not  satis- 
factorily excluded;  47,  or  65  per  cent,  were  negative,  and  3,  or 
4  per  cent,  showed  a  positive  reaction,  when  lues  could  definitely 
lie  ruled  out,  as  far  as  history  and  ]>hysical  examination  will  allow. 

These  figures  are  inconclusive,  though  as  far  as  they  go  they 
are  in  accordance  with  those  given  by  various  authors  quoted 
alxive,  with  the  exception  of  Tourainc,  who  found  the  elevated 
])roi)ortion  of  202  positives  out  of  32()  malaria  patients  teste<l. 
I  cannot  exi)laiii  his  results  other  than  by  assuming  that  he  was 
not  careful  to  exclude  lues  or  that  Jiis  laboratory  was  at  fault. 
However,  to  speak  definitely,  we  should  have  to  know  what  the 
reactiiui  was  in  those  3S9  cases  I  report  who  were  not  tested. 

Tuberculosis.  The  last  .5(K1  cases  of  tulwrculosis  occurring  in 
the  l'hiladel])liia  (ieneral  Hospital  were  studied.  The  great 
majority  of  tiu-se  were  severe  and   far  advanced   cases,   for  the 
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incipient  cases  rarely  come  to  this  hospital.  Here,  also,  the  great 
majority  of  the  cases  were  not  tested— only  179  tests  or  a  little 
over  35  per  cent;  the  reaction  was  more  often  done  here  when  the 
physical  examination  and  history  were  negative  than  in  the  malaria 
cases. 

Of  the  179  cases  in  which  the  reaction  was  tested,  38,  or  20  per 
cent,  were  either  frankly  luetic  or  lues  was  not  excluded  to  my 
satisfaction;  135,  or  76  per  cent,  were  negative,  and  0,  or  45  per 
cent,  had  a  reaction  more  or  less  strongly  positive,  in  the  presence 
of  a  negative  history  and  physical  examination.  I  append  abstract 
histories  of  these  G  cases: 

1.  W.  E.,  severely  ill  with  pulmonary  tuberculosis.  History 
and  physical  examination  negative  for  lues.  Sputum  positive  for 
tuberculosis. 

Wassermann:  Cholesterinized  antigen,  double  plus;  Noguchi 
antigen,  plus;    luetic  antigen,  plus. 

No  antiluetic  treatment;  later  all  antigens  negative. 
Patient  died  of  tuberculosis  June  23,  1920.    No  autopsy. 

2.  J.  C,  admitted  with  advanced  pulmonary  tuberculosis. 
History  and  physical  examination  negative  for  lues.  Sputum 
positive  for  tuberculosis. 

Wassermann:    Cholesterinized  antigen,  plus;   Noguchi  antigen, 
negative;   luetic  antigen,  negative. 
Not  repeated. 
Died  August  9,  1920.    No  autopsy. 

3.  F.  P.,  admitted  with  advanced  pulmonary  tuberculosis. 
History  and  physical  examination  negative  for  lues.  Sputum 
positive  for  tuberculosis. 

Wassermann:  Cholesterinized  antigen,  plus;  Noguchi  antigen, 
negative;   luetic  antigen,  negative. 

Subsequently  repeated  with  same  result. 
Died  August  29,  1920.    No  autopsy. 

4.  A.  S.,  admitted  with  advanced  tuberculosis.  History  and 
physical  examination  negative  for  lues.  Sputum  positive  for 
tuberculosis. 

Wassermann:    Cholesterinized  antigen,  plus;  Noguchi  antigen, 
negative;    luetic  antigen,  negative. 
Not  repeated. 
Died  September  18,  1920.    No  autopsy. 

5.  Anna  S.,  admitted  with  advanced  pulmonary  tuberculosis. 
History  and  physical  examination  negative  for  lues.  Sputum 
positive  for  tuberculosis. 
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Wusserinaiin:    Cholesterinize*!    antigen,   double  plus;    Noguchi 
antigen,  negative;    luetie  antigen,  negative. 
Not  repeated. 
Died  September  17,  1920.     No  autopsy. 

6.  C.  H.,  admitted  with  acute  tuberculous  pneumonia,  gravely 
ill.  History  ami  physical  examination  negative  for  lues.  Sputum 
fille<l  with  tubercle  bacilli. 

Wassermann:  Cholesterinized  antigen,  double  plus;  Noguchi 
antigen,  negative;    luetic  antigen,  negative. 

Not  repeated. 

Died  Decenil)er  18,  1920.  Autopsy  confirmed  antemortem 
diagnosis,  and  showwi  many  other  tuberculous  lesions  as  well, 
but  no  evidence  of  lues,  either  grossly  or  on  microscopic  examination. 

It  will  be  noted  that  in  all  these  cases  three  antigens  were 
employed.  In  5  of  these  cases  the  cholesterinized  antigen  alone 
was  ]>ositive;  only  once  did  the  other  antigens  react  positively 
also.  Of  course  it  is  impossible  to  speak  dogmatically  from  only 
6  cases,  but  this  seems  to  show  a  hypersensitiveness  on  the  part 
of  this  antigen  that  woidd  <letract  somewhat  from  its  value  in 
diagnosis.  It  was  indeed  remarkable  in  looking  over  the  hospital 
records  to  see  how  often  the  cholesterinized  antigen  would  be 
strongly  positive  while  the  other  two  were  either  weakly  positive 
or  negative. 

Il}l])(rthyroidum.  A  study  of  the  cases  of  hyi)erthyroidism  and 
exoi)htlialmic  goiter  cases  in  the  riiiiadelphia  (leneral  IIosj)ital  and 
I  niversity  IIosi)ital  was  made,  but  it  was  found  that  the  Wasser- 
mann was  so  seldom  done  on  these  cases  in  the  Philadelphia 
Hospital  and  in  the  surgical  wards  of  the  University  that  nothing 
was  revealed.  The  same  was  true  of  the  medical  wards  of  the 
I'niversity  liefore  1915. 

.\ftcr  191.")  there  were  a  total  of  90  cases  of  (iraves's  disease 
and  hyperthyroidism  in  the  medical  wards  of  the  University.  Of 
these,  1  (1.1  per  cent)  had  frank  lues  and  38  (42.2  per  cent)  were 
not  tested.  The  remaining  51  (50.0  per  cent)  cases  had  negative 
Wassermanns.  A  total  of  \'.\  tests  were  also  done  in  the  surgical 
wards  and  at  the  Philadelphia  (icncral  Hospital,  and  these  13 
were  also  negative.  In  only  1  case  of  103  examined  was  a  positive 
Was.sermann  found,  and  that  patient  liad  definite  lues. 

This  is  contrary  to  the  statement  of  Biggs  above,  but  I  believe 
is  in  line  with  the  experience  of  others. 

Drs.  1).  J.  MeCarthy,  ('.  H.  Krazicr  and  (Jeorge  W.  Norris,  all 
of  Piiila(lclj)liia,  inform  me  that  in  their  very  extensive  experiences 
with  hyiHTtiiyroidism  they  have  not  met  with  any  cases  associated 
with  a  j)ositivc  Wassermann. 

It  is  proverbially  impossible  to  prove  a  negative,  but  in  Philu- 
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(lei])liia  at  least  the  projxirtion  of  ])ositive  Wasseriiiann.s  in  hyper- 
thyroid  eases  seems  to  he  much  less  than  in  the  general  run  of  un- 
selected  hospital  admissions.  The  small  number  of  cases  I  present 
shows  no  evidence  that  hyperthyroidism  stands  in  any  causal 
relation  to  the  Wassermann  reaction. 

Malabia. 

Waaacrniana  Waflserniann 

positive  and  lues  Wassermano  positive  and  lues  WaasermaQii 

excluded.  negative.  not  excluded.  not  done. 

3  47  23  388 

TUBEBCULOSIS. 

6  135  38  321 

Exophthalmic  Goiteb. 
0  64  1  108 

Totals     9  246  62  817 

Conclusions.  1.  The  Wassermann  reaction  is  invariably  positive 
at  some  time  during  the  course  of  syphilis,  if  properly  performed, 
and  at  sufficiently  frequent  intervals. 

2.  It  is  but  rarely  positive  in  non-luetic  diseases. 

3.  It  is  unusual  for  it  to  be  positive  in  malaria.  If  positive, 
it  is  only  weakly  so  (doubtful  in  Craig's  classification)  while  the 
fever  is  rising,  becoming  negati\e  between  paroxysms. 

4.  It  is  rarely  positive  in  tuberculosis,  and  when  positive  the 
reaction  is  weak  or  doubtful  (z.  e.,  not  diagnostic  of  lues  in  the 
absence  of  history  or  signs).  I  have  found  it  positive  only  in 
far-advanced  cases  shortly  before  death. 

5.  It  is  not  positive  in  uncomplicated  hyperthyroidism. 

6.  The  cholesterinized  antigen  is  probably  too  delicate  to  be 
of  value  alone  in  diagnosing  lues  when  there  is  no  history  or  physical 
evidence  of  disease.  It  is  invaluable  in  following  the  course  of 
known  syphilis  under  treatment,  by  reason  of  its  delicacy. 

I  desire  to  express  here  my  deep  gratitude  to  Dr.  Edward  B. 
Krumbhaar,  director  of  laboratories,  Philadelphia  General  Hospital, 
for  his  unfailing  kindness  and  great  courtesy  to  a  beginner  in 
medicine. 
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STUDIES    OF    HEMOLYTIC    STAPHYLOCOCCI 

HEMOLYTIC  ACTIVITY — BIOCHEMICAL  REACTIONS SEROLOGIC  REACTIONS 

l.liri^      A.      J  U  LI  AN  ELL  E 

!'><im  the  Bacterhtogiiat  Laboratories  of  the  School  of  Hygiene,   Unii'ersity  of  PenHsytt-ania 
and  the  Philadelphia  General  Hotfilal,  Philadelfhia 

I.  STUDY  OF  HEMOLYTIC  ACTIVITY 
That  stapliylococci  lake  blood  was  brought  out  in  1900,  when  Kraus '  noticed 
the  hemolytic  effect  of  staphylococci  on  bloodplates.  The  following  year  Neisser 
and  VVechsberg'  demonstrated  a  hemolytic  substance  in  filtrates  of  broth  cul- 
tures. They  found  that  in  alkaline  beef  broth,  this  hemolytic  substance  began 
to  appear  on  the  fourth  day  and  reached  a  maximum  between  the  eighth  and 
fourteenth  day.  In  a  general  way  they  showed  that  aureus  and  virulent 
strains  produced  greater  quantities  of  hemolysins  than  did  either  the  albus 
or  avirulent  strains.  Van  durme'  found  that  the  hemolytic  power  was  gen- 
erally greatest  in  cultures  freshly  isolated  from  pathologic  conditions,  and 
was  generally  absent  in  cultures  from  dust  and  from  the  normal  mouth.  Todd,* 
working  with  B.  megatherium  and  Kraus '  working  with  staphylococcus  showed 
that  this  action  takes  place  in  vivo  as  well   as  in  vitro. 

HROULCTION     OF     HEMOLYSIN 

It  had  been  observed  that  in  a  general  way  staphylncocci  would  show 
hemolysis  to  a  greater  or  less  extent  on  blood-agar  plates  within  24 
hours.  In  addition,  the  hemolysis  was  not  typical  of  an  exogenous 
hemolysin,  as  is  typical  of  Streptococcus  heniolyticus ;  but  rather 
resembled  an  exogenous  product  of  metabolism,  as  in  the  case  of  B.  coll, 
where  the  hemolysis  diffuses  haphazardly  through  the  medium. 

The  first  exi)erinient  was  made  to  determine  what  analogy  there  was 
in  chronieity  in  the  production  of  hemolysins  on  blood  plates  and  in 
broth.  It  might  be  stated  here  that  all  the  work  on  hemolytic  activity  was 
obtained  with  4  cultures  representative  of  all  the  strains  studied.  Two 
were  known  hemolytic,  and  2  were  originally  isolated  as  nonhemolytic. 
Twenty- four  hour  cultures  were  seeded  into  10%  horse  (inactivated) 
serum  broth  in  Erlenmeyer  flasks  and  incubated  at  ?>7  C.  for  24  hours. 
.\t  the  end  of  each  24-hour  period.  .=^  cc  of  llie  cnlnire  were  removed 

Received  for  publication.  May  22,  1922. 

<  Wicn.  Klin.  Wchnschr.,  1900,   U,  p.  49. 

'  Zlschr.   f.    Hjrg.   u.    Infrktionskr.,   1901.  J6.  p.       '■'. 

■  Hyg.  RundKchau,  1903,  13,  p.  66. 

*  Trana.  London  Path.  Soc..  1902.  53,  p.  196. 

•  Wien.  klin.  Wchnschr..  1902,  IS,  p.  382. 
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aseptically  and  centrifuged  at  high  speed  for  5  minutes.  One  c  c  of 
the  clear  supernatant  fluid  was  added  to  1  cc  of  a  washed  2.5%  horse- 
blood  suspension  and  incubated  at  37  C.  for  2  hours,  at  the  end  of 
which  time  the  tubes  were  read  for  hemolysis.  The  concentration  of 
blood  attempted  to  approximate  as  closely  as  possible  the  conditions  of 
the  blood  plate. 

It  was  found  that  no  estimable  hemolysins  were  produced  in  broth 
cultures  within  24  hours.  In  fact,  as  will  be  borne  out  later,  no 
hemolysins  were  shown  to  be  present  until  the  sixth  day.  It  may  be  that 
the  discrepancy  in  time  between  plate  and  broth  cultures  is  explainable 
on  the  grounds  that  in  the  former  case  the  hemolysins  are  so  concen- 
trated around  each  colony  as  to  assert  themselves  at  a  conspicuously 
earlier  period ;  whereas  in  the  latter  case  the  hemolysins  go  into  solution 
and  become  too  dilute  to  have  any  effect  on  a  suspension  of  blood  cells. 

The  next  experiment  was  planned  to  obtain  the  curve  for  the  produc- 
tion of  hemolysins.  The  technic  employed  was  the  same  as  in  the 
preceding  experiment,  except  for  one  detail.  The  cultures  were  seeded 
into  tubes  containing  10  c  c  of  the  serum  broth,  and  at  the  end  of  each 
day  one  tube  was  removed  from  the  incubator  and  used  for  the  tests. 
Care  was  taken  to  keep  the  volume  of  the  tubes  constant  by  adding 
sterile  salt  solution  to  repair  any  loss  by  evaporation. 

Table  1  shows  that  hemolysins  begin  to  appear  on  the  sixth  day, 
reach  a  maximum  at  the  ninth  and  tenth  days,  and  disappear  between 
the  thirteenth  and  sixteenth  days. 

With  the  period  of  hemolysin  production  established,  the  logical 
sequence  was  to  determine  if  possible  the  source  or  the  cause  of  the 
production.  It  was  assumed  entirely  theoretically  that  hemolysis  is 
caused  by  one  of  the  following  or  perhaps  combination  of  factors: 

1.  Reaction:  An  increase  or  decrease  in  hydrogen-ion  concentration 
sufficient  to  cause  hemolysis. 

2.  Tonicity :  An  increase  or  decrease  in  the  tonicity  of  the  medium 
sufficient  to  cause  crenation  or  laking  of  the  blood  corpuscles. 

3.  Hemotoxin :  A  hemolytic  substance  elaborated  and  secreted  by 
the  bacterial  cell,  causing  hemolysis. 

4.  Proteolysis:  The  production  by  the  bacterial  cell  of  some  sub- 
stance for  the  utilization  of  the  blood  protein.  Under  this  head  would 
be  included  autolytic  products  also. 

In  order  to  establish .  experimentally  which  hypothesis  was  correct 
the  following  procedure  was  adopted :    Coincidental  with  testing  for  the 
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presence  of  hemolysins,  the  hydrogen-ion  concentration  was  read  on  the 
Clark  and  Lubs  "  scale ;  the  amino  acidity  was  titrated  by  the  Sorensen  ' 
method ;  the  proteose  content  was  determined  by  the  Vernon  tests ; '  and 
numerical  counts  made  at  the  end  of  each  day,  as  long  as  was  deemed 
necessary  for  the  points  at  hand. 


TABLE     1 
Pkoduction    or    Hemolysins 


Days 

1 

J       S 

4 

5 

< 

7 

8 

» 

10 

11 

12      13      14 

16 

16 

Strain  Al 

(From  Air) 

Hpnic»Iy«[j»        

0 
54 

0.25 
7.9 

0 

0.2S 

7.9 

0 
M 

0.25 
8.0 

0 
6« 

0.25 

8.1 

0 
5« 

0.25 
8.2 

0 
54 

0.8 
8.3 

0 
58 

0.3 
8.3 

0 

18 
0.3 
8.3 

0 
60 

0.8 
8.3 

0 

60 
0.3 
8.3 

0 
60 
0.8 
8.8 

0      0  {  a 

0 
88 

0.3 
8.4 

± 
44 

0.45 
84 

0 

.Amino  acidity 

ProtM>«»  content 

H-Ioo  concrot  ration. . 

60 

0.8 
&8 

+ 
84 
0.45 

8.4 

4.8 

OJ 

8.4 

+ 

72 

0.45 
8.4 

88 

0.8 

8.4 

+ 

72 
0.45 
8.4 

88 

0.8 

8.4 

Strain  AS 

(From  Air) 

Hemolysis 

0 

0 

0 

0 
66 

OM 
8.0 

0 

84 
0.3 
8.2 

0 
80 

0.8 
8.3 

0.85 
8.4 

+ 
102 

S.4 

+++ 

as 

0.4 

8.4 

8.4 

+1 
84 
0.4 

8.4 

0 

Amino  acidity 

Proteose  content 

H-lon  concentration. . 

56 
0.25 

«4 

0.25 
7.9 

64 

0.25 
8.0 

44 

0.46 
8.4 

Strain  H2 
(From  Heart  Blood) 

0 
54 

0.25 
7.7 

0    !    0 
S«     M 

DM  0.28 
7.9    8.0 

0 

0 

0 
50 

0.3 
8.2 

0 
54 
0.3 
8.2 

0    .      0          0        0.00 

0 

30 
0.3 
8.4 

0 

0 

34 
0.3 
8.4 

0 

88 
0.38 
8.4 

0 

.\mino  acidity 

Proteose  content 

H-lon  concentration.. 

58      50 
0.25  0.25 
8.2     8.2 

52  ,     46 
0.8      0.26 
8  2.     8.2 

44 

0.S 
8.3 

44 

0.3 
8J 

44 
0.3 
8.3 

38 
0.3 
8.4 

34 
OS 
8.4 

Strain  T9 
( From  Throat ) 

0 
54 

0.25 

i 
0       0 
58     U 

0.25  0.28 
7.9  1  8.0 

0 
58 

0.28 
8.1 

0 
60 

0.28 
8.2 

0 
54 

0.3 

8.2 

0.3 
8.2 

+  1  ++ 
74       88 
OJ  !    0.3 
8.2      8.8 

0.3 

8.3 

+ 
68 

0.3 
8.3 

+ 
6« 

0.35 

8.8 

^ 

0 

Amino  acidity 

Proteose  content 

H'ion  concentration. . 

i  44 

O.SSi  0.35 
8.4  1  8.4 

38 
0J6 
8.4 

Hemolyia    Amino  Acidity 
0  38 


Proteose 
0.26 


H-lon 
7.6 


FlKures  (or  proteose  content  represents  amount  of  mediiun  required  to  equal  1  ec  o( 
standard. 

Pifures  for  amino  acidity  represent  ee  of  !0/N  KaOH  required  to  nentrallK  100  ee  of 
medium.  ' 

Plus  signs  Indicate:  -f,  26%  hemolysis:    ++,  50%:  ■f-t--f,  76%. 


Hours 

Bacterial  Counts  Made  With  Production  of  Hemolysin  Stalna 

Al 

A5                         H2 

T9 

0 

40.000 
lOO.OOtMVIO 
880,000.000 
1. 210.000.000 
7.000.000.000 
40O.00O.000 
150.000.000 

72.000                    80,000 

180,000,000            460,000,000 

OOe.CP^.OOO            850.000,000 

fi.aOO.000,000         8.900,000,000 

1,000.000.000     1    2.500,000,000 

300,000,000      sjooAnooo 

380,000.000    1       800,000,000  • 

73,000 

24 

48 

72 

M 

120 

144 

800.000.000 

1,000.000,000 

9,200.000,000 

2,000,000.000 

800,000.000 

800,000000 

1.  An  analysis  of  the  results  (table  1  and  chart  1)  shows  several 
points:    The  ultimate  reaction  of  all  the  cultures — hemolytic  and  non- 

•  Jour.  Bactetiol..   1917,  2,  p.    109. 
'  Bicchem.   Zlschr.,  1908,  7.  p.  45. 

•  Jour.  Phyiinl..  1904,  30.  p.  330. 
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hemolytic  alike — is  the  same,  Ph  8.4.  If  the  hemolysis  were  the  effect 
of  reaction,  all  the  cultures  should  show  a  like  behavior  on  blood.  But 
since  the  cultures  do  not  show  the  same  hemolytic  activity,  it  is  reason- 
able to  exclude  reaction  as  the  cause  of  hemolysis.  Incidentally,  sterile 
salt  solution,  the  reaction  of  which  is  adjusted  to  Ph  8.4,  does  not  cause 
hemolysis. 

Charts   1   and  2. — Showing  counts,  amounts   of  amino  acids   and  hemolytic 
substances  produced. 


2.  No  effort  was  made  to  determine  the  tonicity  of  the  cultures. 
The  impression  was  gathered  from  the  work  of  Larson  et  al.*  that 
bacteria  of  themselves  do  not  change  the  surface  tension  of  mediums, 
and  in  their  study  specific  depressants  were  added  when  a  drop  in 
surface  tension  was  desired. 

'  Larson,  Cantwell.  ,Tnd  Hartzell:  Jour.  Infect.  Dis..   1919.  2.>,  p.  41 
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3.  The  figures  for  the  numerical  counts  show  that  there  is  an 
increase  in  the  number  of  staphylococci  until  the  third  day,  when  a 
maximum  is  reached.  From  then  on  there  is  a  sharp  decrease  in 
numbers,  indicating  that  growth  of  an  active  nature  at  lejist  has  come 
to  a  cessation.  If  the  production  of  hemolysins  and  the  numerical 
counts  had  shown  a  parallelism,  it  could  have  been  reasonably  assumed 
that  the  hemolysin  were  a  true  secretion  product  and  a  definite  hemo- 
toxin.  Since  they  show  no  such  parallelism,  however,  the  hemolysin 
must  be  of  some  other  nature. 

4.  The  course  of  proteolysis  or  amine  acidity  runs  a  definitely 
parallel  course  to  the  curve  of  hemolysin  production.  The  suggestion 
offered  itself  that  if  not  directly  associated,  then  some  close  relationship 
must  exist  between  the  two.  Further  study  reveals  the  following  con- 
catenation of  events:  (1)  the  period  of  maximum  growth  occurs  on 
the  third  and  fourth  day ;  (2)  the  maximum  production  of  amino 
acidity  occurs  on  the  seventh  and  eighth  days;  (3)  the  maximum  pro- 
duction of  hemolysins  occurs  on  the  ninth  and  tenth  days.  Stated  in 
another  way,  the  growth  period  precedes  the  amino  acidity  period,  which 
in  turn  precedes  the  hemolysin  production  period.  It  would  seem  from 
such  an  interrelated  process  tliat  the  production  of  hemolysins  is  a 
proteolytic  process  and  perhaps  even  autolytic. 

There  is  one  other  point  of  interest  brought  out  by  this  experiment. 
Although  there  is  an  increase  in  amino  acidity,  there  is  no  corresponding 
decrease  in  proteose  content.  This  is  probably  due  to  the  fact  that  the 
biuret  te.st,  used  in  determining  the  amount  of  proteose  present,  shows 
the  presence  of  substances  other  than  proteose;  so  that  even  if  proteose 
were  proteolyzed  to  form  polypeptides,  peptides  and  the  higher  amino 
acids  the  intensity  of  the  color  would  still  remain  the  same.  One  other 
point — it  shows  that  the  production  of  erepsin  by  staphylococci  enables 
them  to  .ittack  peptones  and  proteoses. 

5.  Following  the  suggestion  oflfere<l  in  the  foregoing  exjieriment, 
the  next  step  was  to  determine  what  role  autolysis  plays  in  hemolysis. 
For  this  purpose  24-hour  cultures  were  inoculated  in  Erlenmeyer  flasks 
(10%  serum  broth),  and  incubated  at  37  C.  for  5  days.  This  culture 
was  then  distributed  in  equal  volumes  into  test  tubes.  To  one  series 
was  added  0.25%  phenol,  to  a  second  10%  HCC13;  a  third  series  was 
incubated  at  45  C. ;  and  a  fourth  was  left  untreated  and  incubated  with 
the  first  and  second  series  at  2)7  C.  The  object  of  this  procedure  was 
to  determine  whether  after  the  maximum  growth  period  was  reached 


8 


L.    A.    JULIANELLE 


and  the  cultures  were  inactivated  by  cliemical  or  heat,  with  the  enzymes 
still  capable  of  activity,  hemolytic  substances  were  being  produced.  Each 
day  tests  were  made  for  the  presence  of  hemolysins.  After  the  first 
day,  guinea-pig  serum  and  a  living  (24-hour)  culture  in  1  c  c  quantities 
were  added  to  the  45  C.  specimen.  This  was  to  supply  complement,  if 
it  were  needed,  and  any  other  vital  substances  necessary  for  hemolysis 
that  a  growing  culture  might  possess.  The  results  are  appended  in 
table  2,  which  shows :  1 .  No  hemolysin  was  formed  in  cultures  sub- 
jected to  antiseptics  or  heat.  2.  Complement  does  not  appear  necessary 
for  hemolysis.     3.  A  living  culture  produces  hemolysis  per  se,  and  is 

TABLE     2 
Showing    Effect    of    Heat    and    Chemical    Agents    on    Production    of    Hemolytic 

Substance 


Days 

1 

2 

3 

4 

5 

6 

7 

8 

» 

10 

Strain  .46  (From  Air) 

z 

-1- 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

• 

HOCls 



45  C 





45  0.  +  24  hour  culture 

Untreated 

• 

Phenol 

* 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

± 

• 



HCCls 

45  C 

45  C.  +  complement 

— 

45  0.  +  24  hour  culture 

Untreated 

• 

* 
* 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

• 
« 

_ 

HCCI3 

.„ 



Strain  A5 

• 

Strain  T9 

• 

Salt 

*  =  no  test  conducted.     Day  1  is  1st  day  under  treatment,  but  6th  day  ol  age  of  culture. 

consequently  worthless  in  such  an  examination.  These  results  do  not 
show  that  hemolysin  is  of  an  autolytic  nature;  neither  do  they  show 
that  it  is  not  of  an  autolytic  nature.  The  conclusion  to  be  drawn  is 
that  in  the  ca.se  of  heat,  the  hemolysin  being  thermolabile,  is  possibly 
dissipated ;  while  in  the  case  of  the  antiseptics,  the  hemolysin  is  so  closely 
associated  with  the  bacterial  cell  that  destruction  of  the  latter  means  lack 
of  manifesation  from  the  former.  This  falls  somewhat  in  line  with  the 
work  of  Gordon  on  meningococci,  showing  that  hemolysins  are  endocel- 
lular  and  are  liberated  on  autolysis  of  the  bacterial  cells. 

Effect   on   Hemolytic   Activity    of   Successive    Transplantation    in 
Blood-Free   Medium. — The    object    of    the   next    experiment    was    to 
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determine  whether  a  hemolytic  strain  of  staphylococcus  is  always 
hemolytic.  No .  definite  references  to  the  loss  of  this  haemolytic 
manifestation  could  be  found  in  the  literature.  Transplants  were 
made  daily  into  peptone  broth,  and  at  the  end  of  each  week  blood- 
agar  plates  were-  streaked  to  show  whether  the  cultures  were  still 
hemolytic.  After  the  second  week,  since  the  plates  were  readily 
hemolyzed,  the  cultures  were  transplanted  every  other  day,  and  after 
the  first  month  every  week.  The  reason  for  this  change  of  procedure 
was  the  assunii)tion  that  by  daily  transplantations  the  cultures  were  kept 
very  active  and  that  it  would  be  more  difficult,  if  possible,  to  suppress  so 
vital  a  quality. 

This  experiment  was  continued  for  more  than  four  months,  and  at 
the  time  of  writing  the  cultures  were  still  hemolytic.  On  some  occasions 
there  appeared  to  be  retardation  in  hemolysins,  and  then  the  following 
week  the  cultures  were  as  actively  hemolytic  as  originally.  Since  the 
retardation  was  neither  progressive  nor  continuous,  it  is  reasonable  to 
assume  that  it  was  probably  due  to  differences  in  the  blood  used  for  the 
work.  Normal  horse  blood,  which  was  used  for  the  blood-agar  plates 
iti  this  experiment,  has  been  shown  by  Neisser  and  Wechsberg '  to 
possess  small  quantities  of  antihemolysin.  This  normal  quantity,  how- 
ever, may  have  been  sufficient  to  delay  nemolysis.  It  would  seem, 
therefore,  that  hemolytic  cultures  tend  to  remain  hemolytic. 

Effect  on  Nonhemolytic  Strains  of  Successive  Transplantations  in 
Blood  Medium. — In  this  case  the  point  at  hand  was  to  determine 
whether  nonhemolytic  cultures  could  be  made  hemolytic  by  adaptation 
to  blood  medium.  If  nonhemolytic  cultures  can  be  made  to  lake  blood, 
it  may  be  said  that  any  strain  of  staphylococcus  is  hemolytic,  adding 
provisionajly  that  continual  adaptation  to  a  blood-free  habitat  ultimately 
suppresses  its  hemolytic  activity  and  keeps  it  in  abeyance;  but  readapta- 
tion  to  a  blood-containing  medium  will  restore  the  suppressed  activity. 
Table  3  shows  that  after  a  period  of  7  months,  certain  strains  regained 
their  hemolytic  ability.  It  may  be  that  this  power  was  recovered  at  an 
earlier  period,  but  tests  were  n(it  definitely  made  until  the  stated  lapse 
of  time. 

It  should  be  added  here,  in  view  of  a  wealth  of  work  in  a  hospital 
laboratory,  that  we  think  every  strain  of  staphylococcus  is  definitely 
hemolytic.  The  strains  will  vary  in  degree  of  hemolysis,  and  in  rajudity 
of  hemolysis,  but  if  sufficient  time  is  given,  all  strains  will  show  hemol- 
ysis. When  the  strains  under  study  were  isolated,  a  period  of  6  days 
was  given  to  determine  hemolysis  on  blood  plates,  and  it  is  now  apparent 
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that  the  6  days  were  not  sufficient.  Other  cultures  not  included  in  this 
survey  did  show  hemolysis  after  the  arbitrarily  chosen  time,  and 
attempts  to  collect  nonhemolytic  strains  after  10  and  in  rarer  cases  12 
days,  have  failed.  So  that  it  seems  by  virtue  of  this  evidence  that 
the  strains  we  originally  labeled  nonhemolytic  were  in  reality  hemolytic, 
and  that  their  hemolytic  character  was  very  much  suppressed.  It 
would  seem,  therefore,  that  it  can  be  definitely  stated  that  cultures 
which  did  not  show  hemolysis  within  6  days  were  able  to  give  definite 
signs  of  hemolysis  on  blood  plates  within  24  hours  and  complete 
hemolysis  within  48  hours. 

Since  the  completion  of  this  experiment  every  strain  of  staphylo- 
coccus isolated  (whether  a  contaminant  or  a  pathogen)  was  held  for 
study.  The  number  of  days  required  to  show  beginning  hemolysis  was 
recorded.  These  results  are  tabulated  in  table  4.  It  will  be  seen  that 
every   .strain  shows  hemolysis,  but  that  the   factor  of   time  plays  an 


TABLE     3 
Development  of  Hemolysis  by  Nonhemolytic  ?  Stu.mns 


April, 

November, 

I           April, 

November, 

1921 

1921 

1921 

1921 

Al 

No  hemolysis 

Hemolysis 

PS 

No  hemolysis 

Hemolysis 

A2 

Hemolysis 

Hemolysis 

S2 

Hemolysis 

Hemolysis 

A3 

Hemolysis 

Hemolysis 

Tl 

No  hemolysis 

Hemolysis 

AS 

Hemolysis 

Hemolysis 

T2 

Hemolysis 

Hemolysis 

PI 

No  hemolysis 

Hemolysis 

T3 

Hemolysis 

Hemolysis 

H2 

No  hemolysis 

Hemolysis 

T5 

Hemolysis 

Hemolysis 

PI 

Hemolysis 

Hemolysis 

T6 

Hemolysis 

Hemolysis 

P2 

Hemolysis 

Hemolysis 

T8 

;    No  hemolysis 

Hemolysis 

P3 

Hemolysis 

Hemolysis 

T9 

Hemolysis 

Hemolysis 

P4 

Hemolysis 

Hemolysis 

X 

No  hemolysis 

Hemolysis 

important  part.  Thus  it  is  seen  that  in  a  general  way  aureus  strains 
show  hemolysis  earlier,  and  that  virulent  strains  also  show  hemolysis 
earlier  than  the  saprophytic ;  but  the  point  is  clear  that  white  and  aureus 
strains,  saprophytic  and  parasitic  alike,  become  hemolytic.  In  the  case  of 
nipples,  for  example :  These  are  supposedly  sterilized  and  sent  to  the 
laboratory  to  be  tested  for  sterility  so  that  it  is  logical  to  assume  that  any 
growth  is  apt  to  be  contamination.  Yet  the  9  white  strains  are  as 
rapidly  hemolytic  as  the  18  orange  strains  isolated  from  pus. 

Effect   of   Carbohydrates   on   Hemolysis. — It    has   been   shown   by 
Ruediger,"   Lyall,"    Davis,' =    Sekiguchi,"    Stevens    and    Koser "   and 

»  Ibid.,  1906,  3,  p.  663. 

"  Jour.  Med.  Res.,  1914,  30,  p.  515. 

"  Davis;  Jour.  Infect.  Dis.,  1917,  21,  p.  308. 

"  Ibid.,  1917,  21,  p.  475. 

"  Jour.  Exper.  Med.,  1919,  30,  p.  539. 
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others,  that  carbohydrates  prevent  hemolysis  by  streptococcus,  and  it 
was  problematic  just  what  their  effect  on  staphylococcus  hemolysis 
would  be.  Two  experiments  were  carried  out  to  determine  this  point. 
In  the  one  case,  cultures  were  planted  into  10%  serum  broth  plus  1% 
dextrose.  After  9  days  tests  were  made  for  hemolysis  and  H-ion 
concentration  read — to  assure  ourselves  that  an  acidity  would  not  inter- 
fere with  the  test.  The  results  were:  for  10%  serum  broth,  dextrose 
1%,  strain  A5  gave  Ph  6.4,  hemolysis  and  strain  ^9,  Ph  7.6  and 
hemolysis. 

Incidentally  both  these  strains  were  streaked  on  lactose-blood-agar 
plates,  and  in  both  cases  hemolysis  was  produced  within  24  hours.  In 
the  second  case,  cultures  were  planted  into  peptone  broth  plus  1% 
dextrose.    The  test  for  hemolysis  was  positive  after  24  hours,  but  the 


TABLE     4      . 
Hehulvtic  Activity  or  Consecutive  Cultvees 


Source 


Water 

('ontunilDatlon  (source  uoknowo. 


Pigment 


No.  ot 

Culture* 


Average  Time  for 
Hemolysis 


White 

8 

»-7  days 

Yellow 

o 

1-2  days 

White 

i 

3  days 

Aureus 

2 

1  day 

White 

4 

4  dais 

White 

4 

1  day 

Yellow 

1 

1  day 

White 

1 

1  day 

.Aureus 

1 

1  day 

White 

9 

1-2  days 

Aureus 

2 

1  day 

Yellow 

2 

1  day 

White 

2 

3  days 

Yellow 

I 

2  days 

Yellow 

3 

2  days 

Oraoge 

18 

1-2  days 

Aureus 

3 

1-2  days 

Yellow 

1 

1  day 

White 

2 

4  days 

White 

3 

7  days 

hemolysis  was  not  typical,  showing  a  browning  similar  to  acid  hematin 
formation.  Consequently  the  Ph  value  was  determined  and  found  to 
be  4.4.  The  reaction  was  adjusted  to  neutrality  and  hemolysis  no  longer 
took  place.  Approaching  the  question  from  another  tangent,  sterile 
salt  solution  adjusted  to  a  reaction  of  Ph  4.4  caused  the  same  type  of 
hemolysis. 

It  would  seem  from  these  rtcjwriments  that  carbohydrates  do  not 
influence  hemolysis  as  produced  by  staphylococcus.  Regarding  the 
acidity  produced  in  the  peptone  broth  and  not  in  the  serum  broth,  it  is 
easily  conceivable  that  the  buffer  qualities  of  the  serum  in  the  latter 
obscure  the  acid  formed  by  fermentation  of  dextrose. 
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Effect  of  Heat  on  Hemolysis. — Neisser  and  Wechsberg  ^  found  that 
heating  the  staphylococcus  "hemolysin"  for  20  minutes  at  56  C.  would 
completely  inactivate  it. 

In  determining  the  effect  of  heat  on  the  hemolytic  action,  the 
supernatant  fluids  of  centrifuged  9-day  cultures  were  heated  at  56  C. 
for  30  minutes,  and  it  was  found  that  the  hemolysin  of  staphylococcus 
is  a  thermolabile  substance,  which  can  be  destroyed  by  heating  •  in 
this  way. 

DISCUSSION 

Previous  investigators  of  the  hemolytic  activity  of  staphylococcus 
were  concerned  with  observations  of  the  hemolytic  activity  per  se.  Aside 
from  some  speculations  as  to  its  relation  to  pigment,  virulence  and 
agglutination,  no  attempt  was  made  to  arrive  at  its  causation.  The 
point  under  study  here  was  concentrated  on  the  cause  of  the  hemolytic 
activity,  and  the  period  of  Its  development  was  only  a  coincidental 
observation,  since  this  phase  of  it  was  already  sufficiently  elaborated  by 
previous  investigators. 

Our  results  point  to  a  process  of  proteolysis — perhaps  associated 
with  autolysis — as  the  cause  of  hemolysis.  This  is  not  a  new  conception 
— it  has  been  shown  to  be  the  fundamental  of  meningococcus  hemolysis 
and  were  experiments  performed  to  establish  the  point  of  possibly  B. 
proteus,  B.  coli,  etc.  Although  we  have  been  unable  to  demonstrate 
irrevocably  that  autolysis  is  the  specific  cause,  it  is  very  significant  that 
the  period  of  maximum  growth  first  appears,  then  the  period  of 
maximum  amino  acidity,  and,  finally,  the  period  of  maximum  hemolysis. 
Such  a  sequence  of  evidence  can  point  only  to  autolysis. 

It  nuist  be  for  this  reason  that  we  have  been  unable  to  suppress  the 
hemolytic  activity  of  our  hemolytic  strains.  If  hemolysis  is  due  to  .so 
important  a  function  as  protein-splitting,  the  factor  involved  is  too 
vital  to  be  eradicated  by  continued  growth  in  blood-free  mediums. 
Conver.sely,  it  is  no  wonder  that  slowly  hemolytic  cultures  will  increase 
in  rapidity  of  hemolysis  by  continued  adaptation  to  an  environment 
where  protein  ultilization  becomes  more  pronounced. 

Nor  is  it  phenomenal  that  sugar  should  not  inhibit  hemolysis  in 
such  a  case.  Kendall  and  Walker's  ''■  K;onception  that  the  presence  of 
glucose  has  a  protein  sparing  effect  and  consequently  retards  production 
of  proteolytic  enzymes  can  be  accepted  only  provided  the  hydrogen-ion 
concentration  of  the  medium  increases  within  suitable  limits.     For  as 

"  Jour.  Infect.  Dis..    1915.    I",  p.  442. 
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Berman  and  Rettger  '*  pointed  out,  in  tests  in  which  buffers  arc 
employed  proteolytic  enzymes  appear  as  soon  in  sugar  mediums  as  in 
l)lain  broth.  And  in  ^erum  brotli.  the  buffer  qualities  of  serum  cannot 
be  denied. 

II.    REL.\TI0V!:HIP    of    hemolytic    .\Cii\ri\     lO    OTHER 
-METABOLIC   ACTIVITIES 

This  part  of  the  investigation  concerns  itself  with  a  study  of  the 
biochemical  reactions  of  the  staphylococci,  particularly  as  possible  rela- 
tions to  hemolysis.  Although,  as  the  evidence  submitted  will  show, 
hemolysis  a])p)ears  to  be  a  separate  entity  from  the  biochemical  reactions 
pursued,  some  new  points  of  interest  have  been  added  to  tiie  literature 
of  the  liemolytic  staphylocm-ci. 

CIIROMOGENESIS 

I'xcept  in  a  general  way,  a  distinction  of  the  chromogenic  varieties 
of  the  stai)hylococci  is  an  insignificant  one.  The  pigment  produced  by 
bacteria  is  influenced  to  a  greater  or  less  extent  by  the  medium  employed 
for  its  production,  and  can  be  greatly  modified  by  selection  or  by 
previous  environment.  Loeffler's  serum  medium,  for  example,  without 
affecting  the  inherent  power  of  chromogenesis  always  accentuates  the 
<lepth  of  color  produced  by  staphylococci.  Pigment  will  vary  with  the 
amount  of  oxygen,  the  amount  of  moisture  available,  and  the  age  of  the 
culture. 

So  Neisser  and  Lipstein  "  offer  tlie  hypofliesis  that  wliitc  cocci  were  origi- 
nally orange  cocci  which  have  lost  their  chromogenic  power.  Rodet  and  Cour- 
mont "  |)ul)lished  the  observation  of  the  transformation  of  a  white  staphylo- 
coccus to  an  aureus  and  suhsequcntly  to  a  white  again.  Lubinski  "  showed  that 
the  orange  forms  lost  their  pigment  when  grown  anaerobically ;  in  some  cases 
the  recovery  was  delayed  and  in  other  cases  the  loss  was  permanent.  Kolle 
and  Otto"  stated  that  chromogenic  cocci  lose  their  chromogenesis  by  heating 
to  85  C,  by  prolonged  cultivation  on  artificial  mediums,  and  by  repeated  ani- 
mal passage.  Winslow  and  Rogers"  showed  that  a  temperature  of  50-55  C. 
may  cause  a  loss  in  chromogenesis. 

Neisser  and  Wcchsberg  showed  that  strains  of  both  Staphylococcus  albus 
and  Staphylococcus  aureus  would  produce  hemolysins.  This  was  later  cor- 
roborated by  both  Kutscher  and  Konrich  "  and  Koch."    Noguchi "  and  Rosen- 

'"  Jour.  Bacf.,  1918.  3.  p.  .189. 

'•  Hani)l>uch.  <I.  pathofi.   Mikronrgaiiiunrn,    1914,  .!,  p.   105. 

'•  Compt.  rend.  Artd.  d.  k..  1890,  9,  p.   186. 

"  Ccntralbl.   f.   Baktcriol.,    1894,    16.  p.   rs" 

"  Zt.«chr.  f.   Hyif.  u.  Infcktionvkr.,  1902.  ■> 

"  Jonr.  Infrcl.  •!«•.,   1906.  3,  p.  485. 

"  Zetwhr.  (.   Hyg.   a.   Infekliontkr.,   1904,  48,  p.  249. 

"  Ibid..  1907.  58.  p.  287. 

"  Arch.  f.  klin,  Chir.,  !'  -06. 
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bach ''  show  a  relation  between  virulence  and  pigmented  cocci,  while  Passet " 
and  Fisher  and  Levy "  show  that  the  lightly  colored  or  colorless  forms  are 
most  often  associated  with  disease  processes. 

EXPERIMENTS 

In  determining  chromogenesis  the  technic  employed  was  that  sug- 
gested by  Winslow  and  Winslovv.f*  Cultures  were  grown  on  agar 
slants  at  20  C.  for  2  weeks.  A  portion  of  the  growth  was  spread  over 
white  roughened  paper,  with  a  platinum  loop  and  allowed  to  dry  in  air. 
The  hue  and  tint  were  matched  against  the  colors  of  the  frontispiece 
of  their  book  (table  5). 

TABLE     5 
Sources  and   Chromogenesis   of  the   Strains   Studied 

A  1— From  tlie    air Lemon  yellow  I 

A  2 — From  the   air Medium  cadmium  yellow  IV 

A  3 — From  the    air Cadmium  orange  III 

A  5— From  the    air Medium  cadmium  yellow  IV 

F  1— From  feces   White 

H2 — From  heart's   blood   at  necropsy Medium  cadmium  yellow  V 

p  1 — From  pus  from    spine Cadmium  orange  IV 

P2 — From  pus    from  carbuncle * Lemon  yellow  I 

P  3— From  pus  from    acne Cadmium  orange  IV 

P4 — From  pus  from   extracted  tonsil Cadmium  orange  IV 

P  5 — From  pus  (unclassified)  Cadmium  orange  IV 

S  2— From  skin    White 

T  1— From  throat    Orange  yellow  III 

T  2 — From  throat    Medium  cadmium  yellow  V 

T  S— From  throat    Medium  cadmium  yellow  VI 

T  5 — From  throat    Lemon  yellow  II 

T  6— From  throat    Lemon  yellow  III 

T  8— From  throat    White 

T  9— From  throat    Orange  yellow  V 

X— From  blood  culture  (case  ferunculous) Orange  yellow  III 

CIS— From  throat White 

C16— From  throat    White 

CIS— From  throat White 

J  1— Prom  pus    White 

L  1— From  pus    Cadmium  orange  IV 

It  will  be  seen  at  a  glance  that  there  is  no  relationship  between  pig- 
ment and  hemolysis.  The  cultures  are  all  hemolytic,  and  yet  they  vary 
from  a  white  to  a  rich  golden  brown.  This  is  scarcely  surprising.  The 
literature  shows  that  pigment  production  may  be  varied,  and  while 
the  hemolytic  activity  seems  to  be  fixed,  it  could  hardly  be  expected  that 
the  two  functions  would  be  related. 

ACID    PRODUCTION    IN    THE    PEPTONE    MEDIUM    OF    CLARK    AND    LUBS 

Preparatory  to  the  carbohydrate  metabolism  studies  of  staphylococci, 
this  experiment  was  made  to  determine  in  a  general  way  any  relation- 

»  Dent.  med.  Wchnschr..  1884,  6,  p.  31. 

=«  Passet:   Fortschr.   d.   Med.,  1885,   33,  p.   33. 

^  Dent.  Ztschr.  f.  Chir.,  1893,  36,  p.  94. 

^  Systematic  Relationships  of  the  Coccocese.    1908. 
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ship  between  hemolysis  and  acid  production.  In  view  of  tlie  metliyl 
red  te.st  of  differentiation  of  B.  coli  and  B.  aerogenes  by  this  medium, 
it  seemed  at  tlie  time  that  it  might  possess  some  value  in  this  work. 
The  peptone  medium  contained  0.5%  KjHPO,,  0.5  peptone  (Difco), 
and  0.5%  dextrose,  and  was  adjusted  to  Ph  7.4. 

Table  6  shows  the  H-ion  readings  of  the  different  cultures  from  time 
to  time  as  specified.  With  the  exception  of  Al,  all  strains  reach  an 
end-point  of  Ph  4.2-4.6  within  96  hours.  Although  there  seem  to  be 
differences  in  the  earlier  readings'  there  is  no  line  of  demarcation 
between  the  acid  production  of  the  cultures.  These  differences  are 
probably  explainable  on  differences  in  numbers  inoculated,  periods  of 
lag.  etc. 

TABLE     6 
Acid    Production    ik    Clakk    and    Li'is    Medium  * 


8 

IS 

16 

20 

24 

48 

72 

96 

Boura 

Hours 

Hours 

Ho'urs 

Hours 

Hour* 

Hours 

Hoiirt 

A  1 

7.« 

7.6 

7.4 

7.0 

69 

6.9 

6.9 

6.9 

A  • 

B.4 
«.2 
4.« 
6.0 

4.6 
4.6 
44 

4.6 
4.4 

4.2 
5.8 

4.6 
4.4 

4.2 
5.0 

4.6 
4.4 

4.2 
4.6 

4.4 
4.4 

4.2 
4.6 

4.4 
4.4 

4.2 
46 

4.4 

A  .1 

4.4 

A  5 

4.2 

K  1 

4.(i 

Hi 

5.0 

4.6 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

PI 

8.1 

4.9 

46 

4.6 

4.6 

4.6 

4.6 

4.6 

P2                                        

B.0 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

PS                                       

6.8 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

4.6 

P4.                          

.'..0 
6.6 
7.6 
5.0 

5.0 
.'..0 
5.8 
5.0 

4.8 

4.B 
S.O 
4.8 

4.6 
4.4 

5.0 
4.8 

4.6 
4.4 
4.S 
4.6 

4.6 
4.4 
4.6 
4.6 

4.6 
4.4 
4.6 
4.6 

4.6 

p.v           ;.:::.: 

4.4 

8  ■:.                  

4.6 

Tl.                           

4.6 

T?                                  

.V4 

4.8 

4.8 

4.6 

4.S 

4.6 

4.6 

4.0 

T^                                  

5.0 

4.9 

4.9 

4.9 

4.6 

4.4 

4.4 

4.4 

5.0 
7.6 
5.5 
7.4 

4.8 
6.6 
5.0 
5.6 

4.6 
6.0 
,5.0 
5.0 

4.4 

5.4 
4.8 
5.0 

4.4 
4.6 
4.8 
4.6 

4.4 

4.6 
48 
4.6 

4.4 

4.6 

4.6 
4.6 

T  « 

4.6 

T  8 

4.11 

T9 

4.6 

X 

6.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

Control 

7.» 

7.1 

7.2 

4 

7.2 

7.2 

7.2 

7.2  . 

7.2 

L 


*  Figure*  rfprewnt  taluM  of  H-lon  coDrratratlon. 

At  this  point,  the  question  arose  as  to  what  determined  the  acid 
end-point  of  the  cultures.  To  approach  an  answer,  2  experiments  were 
planned:  (1)  Cuhures  were  grown  in  the  same  medium  with  the  reac- 
tion adjusted  to  Ph  4.4;  (2)  cultures  which  had  already  reached  an 
acidity  of  Ph  4.4  were  killed  by  heating  at  56  C.  for  30  minutes  and 
inoculated  with  a  24-hour  culture. 

In  iKith  these  cases,  the  H-ion  concentration  was  increased  to  4.2 
and  4  after  24  hours.  It  might  be  of  intere.st  to  quote  here  the  work 
of  Hall  and  Frazer  "  who  found  tiiat  staphylococci  could  reach  a  H-ion 
concentration  of  2.6 — an  end-point  which  exhibited  no  relation  to  .sapro- 
phytic or  pathogenic  forms. 

"  Abstract.  Lancrt.   1921.    l.i.  i.    "i: 


16  L.    A.    JULIANELLE 

CARBOHYDRATE     METABOLISM 

In  view  of  the  diagnostic  importance  of  the  fermentative  reaction  of  the 
colon-typhoid  group,  it  was  deemed  advisable  to  devote  considerable  attention 
to  this  subject.  Very  little  previous  work  has  been  done  on  the  ability  of  the 
staphylococci  to  ferment  carbohydrate  mediums.  Of  course,  it  is  common 
knowledge  that  they  attack  the  more  familiar  sugars  with  the  production  of 
acid,  but  no  gas.  Gordon,*'  in  reporting  a  classification  study  of  the  white 
cocci,  gave  the  fermentation  reactions  on  lactose,  maltose,  glycerol  and  man- 
nitol.  Dudgeon  ^'  reported  a  comparative  study  of  the  aureus  and  albus  cocci, 
studying  among  other  things  their  acid  production  in  11  carbohydrate  mediums; 
but  none  of  his  results  were  quantitative.  Winslow  and  Winslow "  studied 
glucose  and  lactose,  and  Kligler''  glucose,  lactose  and  sucrose.  More  recently 
Winslow  and  his  co-workers  "  made  a  quantitative  study  of  the  acid  produced 
in  9  different  sugars.  They  found  more  than  half  the  strains  studied  fermented 
glucose,  maltose  and  sucrose;  about  half  fermented  lactose;  S  strains  fermented 
salicin,  1  strain  each  fermented  inulin  and  raflfinose,  and  no  strains  fermented 
dulcitol  and  mannitol. 

In  our  study,  we  liave  employed  17  carbohydrates  in  all-dextrose, 
galactose,  levulose,  sucrose,  lactose,  maltose,  raffinose,  arabinose,  inulin, 
dextrin,  salicin,  adonitol,  mannitol^  sorbitol,  dulcitol,  glycerol  and  starch. 
Twenty- four  hour  cultures  were  inoculated  into  \%  peptone  broth  plus 
1%  of  the  carbohydrate  designated.  The  cultures  were  incubated  at 
37  C.  for  one  week,  and  the  Ph  value  determined  by  matching  the 
tubes  against  the  Clark  and  Lubs  "  standards.  In  table  7  the  Ph  values 
alone  are  given,  since  gas  was  not  formed  in  any  case. 

The  table  shows  that  the  carbohydrates  are  either  fermented  or  not ; 
but  in  either  case  the  reaction  is  uniform.  There  are  slight  differences 
in  some  of  the  mediums,  but  they  are  not  important  enough  for 
classification ;  they  indicate  merely  functional  differences  and  as  such 
are  negligible. 

To  compress  the  table  : 

Carbohydrates  Fermented  Not  Fermented 

Glucose  Starch 

Galactose  Dulcitol 

Levulose  .^donitol 

Sucrose  Dextrin 

Lactose  Inulin 

Maltose  •  Arabinose 

Salicin  Raflfinose 
Mannitol 
Sorbitol 
Glycerol 

^  Quoted   by    Winslow   and   Winslow.      Supplement  to    Xlie    34th   annual    report    of    loca? 
gov't,  bd.  containing  the  report  of  the  Med.  officer  for   1904-1905,  p.   387, 
"  Jour.  Path.  &  Bacteriol.,  1908,   12,  p.   242. 
"  Jour.   Infect.   Dis.,   1913,    12.  p.   432. 
^  Winslow,  Rothberg  and  Parsons:    Jour.  Bacteriol.,   1920,  5,  p.   145. 
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Ihe  (iiscrcpancy  in  uniformity  of  fermentation  Ijetween  tliis  study 
and  that  of  Winslow  and  others  is  possibly  due  to  the  fact  that  they 
included  in  their  survey  strains  of  Staph,  epidermidis,  ureae,  candidus, 
tetragenus,  candicans,  aureus  and  aurianticus,  thereby  making  a  survey 
nf  many  le-;^  aitivc  organi-m>;  than  those  employed  in  our  study. 

I'KOTKI.N      MKlAUdl.lSM 

Decomposition  of  Peptone  to  Atnitio  Acids. — As  a  rule,  the  only 
accessible  figures  of  amino  acid  formation  of  staphylococci  occur 
scattered  through  bacteriologic  literature  where  the  question  at  hand 
was  priinarilv  a  studv  of  the  nitrogen  metabolism  of  several  species  and 

TABLE     7 
Fermentation    or    Cabsohydiates 


S 
m 

w 

< 

i 

1 

1 
1 

S.9 

1 
> 
\ 

7.0 

II 

s 

6.2 

: 

2 
3 

1 

s 

s 

B 

I 

& 

"a 

% 

< 

s 

X 

1 

a 
a 
a 
SI 

1 

1 

a" 

A  1 

7.4 

«.2 

6.2 

6.2 

7.8     7.1 

7.6     8.0 

6.2 

6.0 

7.7 

6.0 

8.0  — 

7.8 

A  2 

7J 

4.4 

4.7 

5.0 

5.0 

S.O 

4.8 

7.6  1  7.1 

7.6 

6.0 

4.6 

4.7 

7.7 

6.0 

8.0- 

7.7 

A  3 

7.2 

4.6 

4.7 

5.0 

4.8 

8.6 

4.8 

7.6  ;  7.1 

7.6 

6.0 

i.O 

4.7 

7.7 

6.0 

8.0  — 

7.6 

A  6 

7.2 

4.4 

4.6 

6.0 

4.8 

5.0 

4.8 

7J5     7.6 

7.6 

5.8 

5.0 

4.7 

7.7 

6.0 

8.0  — 

7.S 

F  1 

7.0 

4.« 

4.6 

5.0 

4.0 

5.0 

4.8 

7.5     7.8 

7.6 

6.0 

5.4 

4.7 

7.7 

6.0 

8.0  — 

7.7 

U2 

7.J 

4.4 

4.7 

6.0 

4.8 

5.0 

4.8 

7.5     7.1 

7.6 

6.0 

5.2 

4.7 

7.8 

6.0 

ao- 

7.7 

P  I 

7.» 

4.4 

4.7 

6.0 

4.6 

5.1 

4.8 

7.6 

7.1 

7.6 

6.0 

5.0 

4.7 

7.7 

6.0 

8.0- 

7.7 

P2 

7.2 

4.4 

6.0 

5.2 

4.8 

6.0 

4.8 

7.6 

7.1 

7.5 

5.4 

6.0 

4.7 

7.7 

6.0 

8.0  — 

7.8 

P  3 

7.3 

4JS 

4.7 

8.2 

4.8 

5.0 

6.0 

7.6 

7.1 

7.6 

6.0 

4.6 

4.7 

7.7 

S.O 

8.0- 

7.8 

P  4 

7.2 

4.4 

4.7 

B.O 

4.7 

6.1 

6.4 

7.8 

7.2 

7.6 

6.0 

4.6 

4.7 

;.6 

5.0 

8.0  — 

7.« 

P5 

7.8 

4.9 

5.1 

5.2 

4.0 

6.1 

5.6 

7.6 

7.1 

7.6 

6.2 

5.4 

4.7 

7.7 

6.0 

8.0- 

7.5 

8  2 

7J 

4.6 

4.7 

5.2 

4.8 

5.4 

4.8 

7.6 

7.1 

7.6 

6.0 

4.6 

4.7 

7.7 

6.0 

».o- 

7.7 

T  1 

7.J 

4.4 

4.7 

5.0 

4.8 

6.0 

4.8 

7.5 

7.1 

7.8 

6.0 

5.8 

4.7 

7.6 

6.2 

8.0- 

7,7 

T  2 

7.8 

4.4 

4.7 

5.0 

4.6 

5.1 

4.8 

7.6 

7J 

7.6 

6.0 

5.2 

4.7 

7.7 

6.0 

8.0- 

7.7 

T3 

7.8 

4.4 

4.7 

5.0 

5.0 

5.0 

4.2 

7.6 

7.2 

7.6 

6.2 

4.6 

4.7 

7.7 

6.0 

8.0  — 

7.7 

T5 

7.2 

4.4 

4.7 

5.0 

4.8 

6.1 

4.8 

7.8 

7.2 

7.6 

6.0 

4.8 

4.7 

7.7 

6.0 

80  — 

7.7 

T  • 

7.8 

4.6 

4.7 

5.2 

4.8 

.^o 

4.8 

7.8 

7.1 

7.6 

6.0 

4.6 

4.7 

7.7 

6.0 

8.0  — 

7.7 

T  8 

7.8 

4.4 

4.8 

5.0 

4.8 

5.6 

4.8 

7.8 

7.0 

7.4 

6.0 

4.6 

4.7 

7.6 

6.0 

8.0- 

7.6 

T  9 

7J 

4.S 

4.B 

5.0 

4.8 

5_2 

4.8 

7.6 

7.1 

7.4 

6.0 

5.2 

4.7 

7.7 

6.0 

8.0  — 

7.0 

X 

7J 

4.4 

4.7 

6.2 

6.0 

i>!o 

4.8 

7.8 

7.1 

7.4 

5.4 

6.4 

4.7 

7.0 

8.0 

8.0  — 

7  7 

Control 

7^ 

7.0 

7.0 

7.0 

7.0 

7.0 

T.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

jja 

7* 

7.0  — 

7.2 

one  or  two  strains  of  staphylococci  were  fortuitously  included.  Uur 
object  here  was  to  give  a  definite  conception  of  the  amino  acid  digestion 
of  peptone,  and  incidentally  to  us?  such  an  expedient  for  a  classification, 
if  possible. 

Ko.sciithal  and  Patai "  foiind  that  the  curve  of  amino  acid  production  by 
staphylococcus  underwent  an  initial  sharp  rise  within  24  hours,  and  this  was 
followed  liy  a  more  gradual  rate  of  increase  until  the  fifth  and  sixth  day.  Also 
vinilcnt  organisms  produced  more  amino  acid  than  the  avirulent  ones.  Their 
determinations  were  made  by  the  S><ren.sen  method.  The  work  of  Berman  and 
Rettger"  (hows  that  at  the  end  of  1   week  3  strains  of  aureus  reached   an 


•♦  Cmtralbl.  f.  BaVtrriol.,  I,  O..  1914,  73.  p.  406. 
"  Jour.  BacKriol..  1918.  3,  p.  367. 
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amino  acid  figure  equivalent  to  47  c  c  of  20/NaOH,  and  one  strain  of  atbus,  a 
figure  of  52  c  c  of  20/NaOH.    They  also  used  the  S^rensen  method. 

Benton  **  recently  observed  that  in  l.S%  peptone  broth,  staphylococcus  shows 
a  decrease  in  amino  acidity  until  the  5th  day,  with  a  following  rise  until  the 
7th  day;  in  2%  peptone  broth,  the  decrease  continues  until  the  3rd  day  with  a 
gradual  increase  until  the  9th  day;  in  pure  ascitic  fluid,  after  a  1  day  decrease, 
there  is  a  rise  until  the  4th  day.  She  used  the  Van  Slyke  method  for  amino 
acid  determination. 

In  our  own  experiment,  a  2%  Difco  peptone  extract  broth  was 
employed.  The  tube.s  were  inoculated  with  a  24-hour  growth  and  at  the 
end  of  each  day  the  amino  acidity  was  determined  by  the  Sj^rensen 
method  (table  10). 

TABLE     8 
Amino  Acid   Decomposition   of   I'eptone  * 


A  1. 
A  2. 
A  3. 
A  5. 
F  1. 
H2. 
P  1. 
P  2. 
P  3. 
P  4. 
P  5. 
S  2. 
T  1, 
T  2. 
T  3. 
T  5. 
T  «., 
T  8., 
T  9., 
X. 


Control.. 


1st  Day 


Pii 


7.5 
7.5 
7.5 
7.6 
7.5 
7.5 
7.8 
7.7 
7.5 
V.5 
7.3 
7.7 
7.8 
7.5 
7.5 
7.5 
7.6 
7.7 
7.6 
7.8 
7.0 


A.  A. 


40.0 
60.0 
68.0 
80.0 
68.0 
68.0 
iJO.O 
36.0 
.W.O 
60.0 
,-|2.0 
48.0 
80.0 
66.0 
56.0 
56.0 
.-.6.0 
56.0 
44.0 
52.0 
48.0 


2d  Day 


Pu 


A.  A. 


7.7 
7.9 
7.9 
7.4 
7.8 
7.9 
7.9 
7.9 
7.6 
7.8 
7.9 


48.0 
48.0 
68.0 
72.0 
72.0 
96.0 
56.0 
80.0 
S4.0 
72.0 
68.0 
76.0 

116.0 
84.0 
72.0 
72.0 
68.0 

116.0 
80.0 
72.0 
48.0 


3d  Day 


Pb 


7.5 
7.6 
7.7 
7.6 
7.8 
7.7 
7.8 
7.7 
8.0 
7.9 
7.5 
7.8 
7.9 
7.9 
7.9 
7.8 
7.7 
8.0 
7.8 
7.8 
7.0 


A.  A. 


72.0 
84.0 
88.0 
92.0 
96.0 

112.0 
96.0 
06.O 
96.0 

100.0 
76.0 
72.0 

116.8 
96.0 
96.0 
88.0 
92.0 

116.0 

100.0 
92.0 
48.0 


4tb  Day 


3tli  Day 


Ph 


A.  A. 


A.  A. 


7.6 

7.8 
7.8 


7.? 
7.5 
7.8 
8.0 


7.8 
7.8 
7.0 


100.0 
112.0 
116.0 
1-20.0 
120.0 
116.0 
116.0 
116.0 
116.0 
92.0 
76.0 
92.0 
140.0 
80.0 
96.0 
8G.0 
72.0 
132.0 
72.0 
116.0 
48.0 


7.5 
7.9 
7.9 
8.0 
8.0 
8.0 
8.0 
8.0 

7^7 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
7.9 
7.7 
7.9 
8.0 
7.0 


44.0 
72.0 
72.0 
76.0 
60.0 
72.0 
72.0 
72.0 
64.0 
68.0 
64.0 
80.0 
68.0 
68.0 
68.0 
40.0 
60.0 
104.0 
64.0 
64.0 
48.0 


*  In  Ph  column,  Pn  readings  are  given.  In  A.  A.  column,  figures  represent  number  of  c  c 
of  20/N  NaOH  required  to  neutraliz  100  c  c  of  culture. 

The  significant  features  brought  out  are  that  at  the  end  of  the  first 
day  there  is  either  a  slight  increase  or  decrease  in  amino  acid,  then  a 
gradual  rise  to  the  4th  day,  with  a  falling  off  on  the  5th  day.  At  the 
time,  we  assumed  that  a  maximum  had  been  reached  on  the  4th  day. 
Tliis  checks  fairly  well  with  the  results  of  Rosenthal  and  Patai,  but 
brings  our  maximum  a  bit  sooner  than  was  the  case  in  Benton's  work. 

These  results  differ  materially  from  those  obtained  with  serum 
broth,  but  the  mediums  were  of  course  different.  It  would  seem  that 
in  serum  broth  the  amino  acids  are  simultaneously  formed  and  utilized. 


»"  Jour.  Infect.  Dis.,    1919,  2^.  p.  231. 
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and  thus  the  figures  are  kept  low ;  whereas  in  peptone  broth,  the  amino- 
acidity  figures  increase  rajiidly  due  to  tlie  greater  amount--  of  peptone 
present. 

Production  of  Ammonia. — This  test  was  performed  for  a  double 
purpose:  In  the  first  jjlace,  it  was  interesting  to  determine  what 
happened  to  the  amino  acid  formed,  and  in  the  second  place,  to 
determine  whether  any  differentiation  could  be  made  on  this  basis.  The 
amount  of  ammonia  formed  was  measured  daily  for  5  days  after  incu- 
bating at  37  C.  The  medium  employed  was  composed  of  1%  peptone 
and  0.05%  KjHPO^.  The  tubes  were  sealed  with  paraffin  to  prevent 
the  escape  of  ammonia.  The  determination  was  made  with  Nessler 
reagent,  and  the  cultures  were  matchecl  against  a  known  standard  by 

TABLE    9 
Ammonia    Foiim.\tion 


„M  Day 

SdDajr 

4(li  D«T 

StbDaT 

A  1 

B.4 

9.72 
19.20 
17.75 
15.3<i 
20.4<1 
21.84 
U.fiO 
14.fiO 
21.5(1 
■-'0.40 
11. Hi 
U,*l 
L'7.(10 
SO.IXl 
23.20 
21.IKI 
17.9li 
38.40 

ie.<B 

23.40 
1.96 

11.80 
20.40 
20.50 
23.40 
24.00 
27.04 
16.80 
19.20 
30.00 
30.00 
15.48 
28  20 
48.00 
82.88 
24.00 
82.80 
32.80 
64.80 
82.80 
24.00 
,          1.98 

21.84 

Hi 

13.80 

14.54 

H  s 

12.00 

15.44 

HS 

12.00 

F  1 

9. HO 

26  04 

H« 

PI 

I4.1fl 
12.84 
12.«> 
9.fiO 

iT.u; 

l),(ill 

21.00 
15.78 

P  2 

21.84 

PS 

21.84 

P4 

p  5 

32.88 
30.00 

8  2 

li.sx; 

24.00 

Tl 

T2 

T8 

T5 

T  6 

24.1)0 

13..32 

1W.7S 

14.7'1 

14.16 

32.80 

48.011 
21.:!6 
14.<M 

28.;o 

28.,".« 

T  8  .    . 

.%7  V* 

T  11 

X 

14.80 

19.-2I> 

11.50 
15.44 

1.98 

1.9S 

Flgtirei  reprpsrnt  mg.  of  NH>  «•  nitrogra  p«r  100  c  c  of  ctillnrr. 

means  of  the  Dubosq  colorimeter.  From  table  9  it  will  be  .seen  (  1 )  that 
all  the  cultures  produce  ammonia,  and  (2)  that  amino-acidity  arid 
ammonia  formation  are  simultaneous  processes.  Winslow.  Rothberg 
and  Parsons  report  y>o>iiive nnimonia  formation  in  all  but  11  ^trains 
out  of  180  studied. 


Reduction  of  Nitrates.  —  Gordon "  and  Winslow,"  Rothberg  and  Parsons " 
found  that  nitrate  reduction  by  staphylococci  was  a  more  or  less  general  char- 
acter. Winslow  and  Winslow"  reported  only  21%  aureus  and  13%  albus 
reducers.  KliRlcr's  study  showed  7  out  of  11  aureus  and  only  1  out  of  12 
albus  reduced  nitrates.  The  more  recent  work  of  JVinslow.  Rothl)erg  and 
Parsons "  had  the  advantage  of  better  technic  and  should  have  the  greatest 
weight.  > 
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In  making  our  determination,  the  medium  contained  1%  peptone, 
0.5%  K2HPO4  and  1%  KNO3.  The  cuhures  were  incubated  for  one 
week  at  37  C.,  and  the  presence  of  nitrates  was  determined  by  the 
sulphanihc  acid — a — naphthalamine  method.  .\11  the  strains  except  A 
were  able  to  reduce  nitrates. 

Formation  of  Indol. — In  a  survey  of  the  literature  of  indol  production  by 
staphylococci,  3  references  liave  been  found  of  a  positive  nature.  Emmerling" 
described  the  production  of  Indol  afer  14  days'  cultivation  under  anaerobic 
conditions  on  an  egg  white  medium.  Tissier  and  Martelly"  reported  positive 
indol  by  a  culture  of  Staphylococcus  albus  isolated  from  meat,  and  cultivated 
in  a  fibrin  medium.  Distaso*"  isolated  an  atypical  staphylococcus  which  was 
an  obligate  anaerobe  and  showed  inability  to  attack  any  sugar,  but  which  was 
capable  of  forming  indol.  The  results  of  the  first  two  are  questionable  on 
account  of  the  technic  employed,  while  the  third  case  is  concerned  with  an 
atypical  organism.  On  the  other  hand,  negative  indol  production  is  reported 
by  Buard,""  Seltzer,'"  Dobrowski,"  Distaso,"  Zipfel,"  Herzfeld  and  Klinger," 
Winslow,   Rothberg,  and   Parsons,^'  and    Bayne-Jones   and   Zimmiger." 

Our  tests  were  made  by  cultivating  in  a  medium  of  1%  peptone  and 
0.5%  K2HPO4  at  37  C.  Tests  for  the  pre.sence  of  indol  were  made 
on  the  first,  third,  fifth,  seventh  and  tenth  day  after  incubation  by  the 
para-dimethyl-amido-benzald-benzaldehyde  method.  All  tests  were 
negative. 

Action  on  Milk. — Table  10  gives  the  reaction  of  each  strain  in 
litmus  milk.  It  will  be  seen  that  after  10  days'  incubation  at  37  C, 
one  strain  shows  no  apparent  change  in  reaction,  11  strains  show  acid 
production,  and  8  strains  show  acid  with  coagulation  and  liquefaction. 
The  Ph  values  in  lactose  broth  has  been  placed  alongside  the  milk  reac- 
tions.   As  was  expected,  the  reaction  coincides. 

Liquefaction  of  Oclatin. — In  determining  gelatin  liquefaction,  an 
efi'ort  was  made  toward  a  quantitative  study.  The  technic  employed 
was  to  inoculate  gelatin  tubes  with  0.1  c  c  of  a  24-hour  broth  culture 
(diluted  if  necessary  to  insure  an  even  turbidity).  The  amount  of 
gelatin  liquefied  was  measured  by  determining  the  number  of  c  c  from 
a  mark  drawn  at  the  original  level  of  the  gelatin  to  the  level  of  the 

""  Berlin  der  Deutsch,   Chem.   Gcssellsch.,    1896,  29,   p.   2721. 

'"  Ann.   de  I'Inst.    Pasteur..    1910,   24.  p.   86.i. 

»  Centralbl.   f.  Bakleriol.,   I,   O.,   1912,   62,  p.  433. 

"  Compt.  rend.   Soc.  de  biol.,   1908.   65,  p.   158. 

'=  Centralbl:  f.  Bakteriol.,  I,   0.,   1909,  51,  p.   465. 

"  Ann.  de  I'Inst.  Pasteur..   1910,   24,  p.  595. 

"  Centralbl.   f.  Bakteriol.,   I,  C,   1911,   59,  p.   102 

"■  Ibid.,    1913,   67,   p.   572. 

"  Ibid.,    1915,  76,   p.    1. 

''  Bull.   Johns   Hopkins    Hosp.,    1921,   32,   p.   299. 
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nonliquefied  gelatin.  The  cultures  were  incubated  at  20  C.  for  21  days 
unless  the  gelatin  was  entirely  liquefied  before  that  time,  when  the 
liquefaction  was  estiniated. 


TABLE     10 
>i(nwiNii    Action    on    Milk 


1  Day 

3  Dayf 

S  Daya 

7  Daya 

10  Days 

Lactow 

A  1 

No  change 

Add 

Add 

Add 

Add 

Add 
No  change 
No  change 
No  change 

Add 

Add 
No  rJiange 
No  change 
No  change 
No  change 
No  diange 
No  change 

Add 

Add 

Ai-i.l 

No  change 

Add 

Coagulation 

Coagulation 

Coagulation 

Coagulation 

Acid 

No  dlKIlge 

Add 

Add 

Add 

No  change 

Add 
No  chiiuge 

Add 

No  diange 

No  change 

Aci.l 

Arid 

Coagulation 

No  change 

Add 

Coagulation 

Coagulation 

Coagulation 

Coagulation 

Acid 

Acid 

Add 

Add 

Add 

No  change 

Add 
No  change 

Add 

No  change 

No  diange 

Add 

Add 

Liquetactloo 

No  change 
Add 

IJqUI'ftlction 

Lirjue  fact  ion 
I.iqii.'factlon 
Liquefaction 

Acid 

Add 
Coagulation 

Aciil 

Add 

Acid 
Coagulation 

Add 

Acid 
No  diange 

Add 

Aciil 

Add 

Add 

No  change 
Add 

6.S 

A  t 

8.0 

A  S 

5.« 

A  S 

6.0 

r  1 

6.0 

H2 

60 

P  \ 

Add 

Add 
Liquefaction 

Add 

Acid 

Add 
LlquefHCtlon 
Coagulation 

Add 
No  change 

Add 

Add 
Coiigulalion 

SI 

P  t 

5.0 

p  s 

5.(1 

P  4 

61 

P  6 

5.1 

8  i 

5.4 

T  1 

S.O 

T  I 

5  1 

T  J 

r>o 

T  S 

6.1 

T« 

5.0 

T  8 

56 

T  9  . 

6  2 

X 

6.U 

TABLE     1 1 
LiavcrACTioN   or  Gilatiii 


.^lllOllUt 

LiqueHed 


A  I 

A  t 

AS 

A6 

Fl 

H« 

P  1 

PS 

PS 

P« 

P  6..'. No  liquefaction 

8  t 

T  1 

T« 

TS 

T5 

T« 

T8 

T  » 

X 

Control.  


No  liquefaction 

5.2  cc 
No  llquef  act  Ion 

7.1  cc 
No  liquefaction 
No  Ihjuefaction 

11.0  c  (• 

1.0  c  c 

5.5  c  c 
No  liquefaction 


3.0  cc 
O.Tcc 


S 


;  •(  .>  Mction 

liijurfliction 
4.1  C  c 
2.0  c  c 
No  liquefaction 


No.  of 
Iiaya 


21 
19 
41 
1» 
21 
21 
19 
21 
18 
21 
21 
W 
17 
17 
21 
19 
21 
XI 
21 
21 
41 


Manner  of  Liquefaction :  Some  time  later  the  study  of  gelatin 
liquefaction  was  extended  by  an  observation  of  the  manner  of  lique- 
faction. Table  12  gives  a  graphic  representation  of  the  findings.  Up 
to  the  10th  day,  let  us  say.  there  is  a  pseudodifferentiation  of  2  types: 
(ine  type  giving  a  saucer-shaped  liquefaction  and  the  second  type  giving 
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a  cone-shaped  liquefaction.  After  that  the  Hquefaction  proceeds 
uniformly  in  all  the  cultures  by  stratification.  The  diflference,  however, 
is  so  superficial  that  we  would  hardly  suggest  a  classification  on  this 
characteristic. 

One  significant  feature  brought  out  by  the  tables  is  the  ability  of 
six  cultures  to  attack  gelatin-cultures  which  did  not  a  year  previously 
manifest  this  ability.  This  shows  above  all  the  variability  of  the  organ-  ■ 
isms  to  be  classified — a  variability  which  emphasizes  the  fact  that  in 
order  to  classify  staphylococci  we  must  depend  on  more  substantial 
characters  than  functional  differences. 

TABLE     12 
Results  of  .Agglutination  • 


Serums 

Al 

A  5 

PI 

T9 

LI 

A  1 

5120 

0 

0 

.      0 

1280 

80 

0 

1280 

0 

80 

0 

1280 

0 

640 

0 

640 

0 

640 

840 

1280 

2.560 

640 

640 

80 

0 

0 

2660 

2560 

2360 

20 

320 

2360 

0 

2560 

640 

320 

0 

2560 

2560 

2560 

20 

2360 

0 

2560       ■ 

2560 

160 

0 

0 

1280 

1280 

20 

1280 

1280 

1280 

20 

320 

1280 

0 

640 

320 

640 

0 

640 

li40 

1280 

0 

1260 

0 

1280 

tHO 

80 

20 

20 

1280 

1280 

40 

0 

0 

0 

40 

0 

20 

0 

2560 

0 

40 

0 

0 

320 

0 

0 

40 

20 

640 

1280 

80 

20 

» 

80 

0 

20 
1280 

.\  2 

A3 

A  5 

1280 

F  1 

20 

H2 

PI 

1280 

P  2 

P  3 

P  4 

640 

P  5 

I'TgO 

S   2 

0 

T  1 

logo 

T  2 

1280 

T  3 

1280 

T  6 

1280 

T  6 

0 

T  8 

40 

T  9 

1280 

X 

1280 

C  15 

20 

C  16 

20 

C  18 

J  1 

20 
1280 

LI 

1280 

*  Figures  represent  the  dilution  at  wliieli  agglutination  was  observed  by  naked  eye  read- 
ing.    All  controls  were  negative. 


Reduction  of  Methylene  Blue. — At  the  December,  1921,  meeting  of 
the  Am.  Assn.  of  Bacteriol.,  Avery  reported  his  investigation  of  the 
use  of  methylene  blue  in  diflferentiating  hemolytic  streptococci  from 
human  and  dairy  sources.  He  found  that  dairy  strains — bovine  and 
cheese — reduced  methylene  blue,  but  that  the  human  strains  did  not. 
Because  of  these  results,  we  tried  reducing  methylene  blue  by  our 
staphylococcus  strains.  The  technic  of  the  test  consisted  in  adding  to  a 
24-hour  broth  culture  varying  dilutions  of  methylene  blue,  and  covering 
with  sterile  paraffin.     The  cultures  were  reincubated  for  a  second  day, 
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when  the  results  were  read.  It  was  found  that  all  strains  reduced  or 
decolorized  methylene  blue  at  dilutions  of  1 :  50,000  and  1 :  25,000;  they 
showed  partial  decolorization  at  dilution  of  1 :  10,000,  except  straifts  T8, 
C15  and  Jl,  which  were  negative;  and  at  a  dilution  of  1 :  1,000  all  the 
strains  were  negative. 

Hydrolysis  of  Sodium  Hippurate. — .\yers  and  Rupp  *'  found  that 
hemolytic  bovine  streptococci  could  be  differentiated  from  the  human  by 
the  fact  that  the  former  could  split  .sodium  hippurate  into  glycocoll  and 
benzoic  acid.  We  employed  this  test  in  our  study  to  determine  whether 
such  a  procedure  would  be  of  value  in  differentiating  the  .staphylococci. 
The  medium  employed  contained  1%  peptone,  1%  sodium  hippurate 
0.015%  K.jHPO<,  and  the  reaction  was  adju.sted  to  P„  7.2.  The  cul- 
tures were  incubated  at  37  C.  for  7  days.  .At  that  time  hydrolysis  was 
fletermined  by  adding  0.5  cc  of  a  7  %  FeCl^  solution  for  every  2  cc  of 
the  culture  medium;  if  hydrolysis  had  taken  place  an  insoluble 
precipitate  was  formed,  whereas  the  mixture  became  clear  on  standing 
several  minutes  if  hydrolysis  had  not  taken  place.  All  the  cultures  were 
able  to  split  sodium  hippurate. 

RELATION     TO    VIRULENCE 

.Ahhough  Neisser  and  Wechsberg'  showed  that  aureus  and  albus  strains  alike 
arc  capable  of  hemolytic  activity,  their  experiment  seems  to  indicate  that 
purely  saprophytic  forms  never  attain  this  faculty.  This  was  corroborated 
later  by  Kutcher  and  Konrich "  and  also  by  Koch."  Noguchi  in  presenting 
his  results  stated  that  hemolysis  was  proportional  to  the  virulence  of  a  strain, 
but  the  evidence  he  presents  does  not  justify  such  a  conclusion.  Montegazza  " 
was  unable  to  demonstrate  any  definite  relation  between  the  intensity  of  an 
infection  and  the  quantity  of  hemolysin  produced. 

In  approaching  an  answer  to  the  question  of  inter-relation.ship 
l)etween  virulence  and  hemolysis,  two  methods  present  themselves — 
either  hemolytic  strains  will  prove  to  he  virulent,  or  nonhemolytic  strains 
will  be  avirulent. 

Following  the  first  method,  then,  strains  .^5,  PI,  P3  and  T9,  all 
definitely  hemolytic,  were  used.  Twenty-four-hour  broth  cultures  of 
each  were  inoculated  in  1  c  c  quantities  into  the  peritoneum  of  separate 
mice.  No  causalties  occurring,  the  mice  were  killed,  the  peritoneums 
were  washed  with  sterile  saline,  and  the  washings  injected  into  a  fresh 
mouse.  Incidentally,  cultures  were  made  of  the  peritoneal  exudate  and 
heart  blood  as  a  check.     This  procedure  was  carried  suo^ssively  for 

*•  Personal  communicstton. 

••  Biocbcm.  Ccntralbl.   1908,  8,  p.  226. 
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3  days  with  3  mice  for  each  strain.  After  tlie  third  mouse,  in  no  case 
was  staphylococcus  demonstrable  by  smear  or  culture  from  the  jjeri- 
toneutn  indicating  complete  overwhelming  of  the  4  strains.  Cultures 
of  the  heart  blood,  which  were  made  to  test  the  invasive  powers  of  the 

4  strains,  were  negative  each  day.  Here,  if  anything,  the  virulence  of 
the  strains  should  have  increased  by  the  animal  passage,  but  instead 
the  organisms  decreased,  the  more  resistant  organisms  lasting  until  the 
third  passage.  This  would  indicate  that  hemolysis  is  quite  independent 
of  virulence. 

Later,  in  attempting  to  isolate  a  virulent  strain,  3  different  strains 
from  pus  were  injected  into  rabbits.  Two  strains  injected  intravenously 
in  amounts  of  3  c  c  of  a  24-hour  broth  culture  caused  no  apparent  effect. 
The  third  strain  caused  death  in  0.5  c  c  amounts  within  2  days,  and  0.25 
c  c  amounts  within  1  week,  presenting  in  this  case  typical  staphylococcus 
lesions.  This  strain  was  used  in  our  serologic  work  and  designated  as 
LI.  The  point  of  interest  here,  however,  is  that  although  the  3  strains 
were  distinctly  hemolytic,  only  1  proved  to  be  sufficiently  virulent  to  kill 
a  rabbit.  The  combined  evidence  of  these  7  strains  makes  plausible  the 
conclusion  that  hemolytic  strains  are  not  necessarily  virulent. 

The  second  method — that  nonhemolytic  strains  would  prove  to  be 
avirulent — was  not  tried.  Nonhemolytic  strains  were  not  isolated  during 
the  course  of  the 'entire  investigation.  However,  a  glance  at  table  4  at 
this  point  will  show  that  strains  of  an  undoubtedly  saprophytic  character 
are  hemolytic.  In  a  general  way,  perhaps,  the  strains  requiring  the 
greatest  time  for  hemolysis  are  probably  the  least  virulent  of  any;  but, 
on  the  other  hand,  the  strains  giving  most  rapid  hemolysis  may  be 
saprophytic. 

LEUKOCIDIN     ACTIVITY 

It  was  not  the  purpose  in  this  experiment  to  make  a  study  of  the 
leukocidin  produced  by  staphylococci.  The  subject  has  been  well  worked 
out.  The  purpose  was  rather  to  determine  whether  hemolytic  activity 
bears  any  relation  to  leukocidin  activity. 

Van  de  Velde°°  first  demonstrated  leukocidin  by  filtration  in  24-hour  cul- 
tures. Later  he  and  Denys "  showed  that  the  leukocidin  was  not  specific,  but 
was  a  metabolic  product  which  destroyed  other  tissue  cells  as  well  as  leu- 
kocytes. Bail"'  obtained  a  ma.ximuni  production  of  leukocidin  in  11  days. 
Neisser  and  Wechsberg"  added  considerably  to  the  knowledge  of  staphylo- 
coccus leukocidin.  Making  use  of  the  reduction  of  methylene  blue  by  leuko- 
cytes, they  found  that  leukocidin  appears  in  filtrates  after  4  days  and  reaches 

"  La  Cellule,  1894,   10,  p.  403. 

»  Ibid.,    1895,    11,  p.   395. 

"  Arch.  f.  Hygr..  1898.  32,  p.  133. 
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a  maxinuiin  alter  1  week;  that  leukocidin  was  produced  by  white  and  orange 
strains;  that  the  more  virulent  the  strain  the  more  leukocidin  produced;  that 
leukocidin  was  destroyed  by  heating  at  56  C. ;  that  norntal  horse  and  immune 
serum  possesses  antileukocidin;  that  leukocidin   does  not   attack  kidney  cells. 

In  making  our  tests  the  same  strains  used  for  liertiolytic  activity  were 
used.  The  cultures  were  inoculated  each  day  into  10%  serum  broth 
for  16  days  so  that  on  the  17th  day  we  liad  16  cultures  of  each  strain 
of  from  1  day  to  16  days  old.  The  cultures  were  then  centrifuged  at 
high  speed  for  5  minutes,  and  1  c  c  of  the  supernatant  fluid  was  used 
for  the  test. 

I-euktKytes  were  obtaine<l  by  injecting  8-10  cc  of  sterile  aleuronat 
into  the  pleural  cavity  of  guinea-pigs,  and  after  15  hours  the  animals 
were  bled  to  death  and  the  pleural  exudate  removed  with  a  capillary 
pipet.  An  equal  anioimt  of  1.5%  sterile  sodium  citrate  was  added  to 
the  cells  to  prevent  coagulation. 

The  presence  of  leukocidin  was  determined  by  the  methylene  blue 
reduction  test.  The  methylene  blue  consisted  of  1  c  c  saturated  solution 
of  methylene  blue,  20  cc  absolute  alcohol,  and  29  cc  distilled  water. 
The  minimum  quantity  of  leukocytes  to  reduce  methylene  blue  was 
first  measured  by  using  different  amounts  of  leukocytes  varying  from 
0.2  c  c  to  2  c  c,  the  volume  being  made  equal  through  the  series  with 
sterile  salt  solution.  Two  drops  of  methylene  blue  were  added,  and 
then  the  mixture  was  covered  with  a  layer  of  sterile  liquid  paraffin  to 
prevent  reoxidation  from  the  air.  The  tubes  were  incubated  at  37  C. 
for  2  hours. 

To  twice  tlie  niininniiii  ([uantity  of  the  leukocytes  found  necessary 
1(1  give  reduction  of  methylene  blue  was  added  1  cc  of  the  super- 
natant centrifuged  culture.  The  tubes  were  incubated  at  37  C.  for 
11/2  hours,  when  2  drops  of  methylene  blue  and  liquid  paraffin  were 
added.  Incubation  was  continued  for  2  hours  more  when  the  readings 
were  made.  In  case  of  reduction,  no  leukocidins  were  present,  since  the 
leukocytes  had  not  been  injure<l. 

It  was  found  that  leukocidin  appeared  on  the  4th  day  and  dis- 
appearetl  on  the  8th  day ;  and  that  only  strains  H2  and  T9  produce<l 
leukocidins.  Thus  it  is  seen  that  112,  which  did  not  show  hemolysin 
production  in  broth  cultures,  produces  most  leukocidin,  and  A5,  which 
produced  iViost  hemolysins,  does  not  produce  leukocidins.  Al  is  nega- 
tive in  both  cases,  while  T9  is  positive  in  both  ctses.  However,  strains 
.\5  and  H2  indicate  distinctly  that  hemolytic  and  leukocidin  activity 
are  not  dejiendent  on  each  other. 
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Theoretically  we  would  expect  that  the  amount  of  leukocidin  pro- 
duced would  bear  s.  relation  to  the  virulence  of  a  strain,  for  the  latter 
would  depend  to  some  extent  on  the  former.  Since  virulence  and 
hemolysis  were  found  to  be  individual  characters,  it  was  hardly  supposed 
that  hemolysis  would  show  any  dependence  on  leukocidin  production. 

III.    SEROLOGIC    REACTIONS 

As  a  final  analysis,  recourse  was  taken  to  differentiate  the  hemolytic 
staphylococci  on  a  serologic  basis.  The  impression  is  that  although 
biochemical  reactions  may  vary,  serologic  reactions  if  once  positive  will 
always  remain  positive.  So,  for  example,  the  agglutinability  of  an 
organism  may  fluctuate  quantitatively,  but  not  qualitatively.  For  no 
other  reason,  then,  this  part  of  the  work  seemed  to  have  the  greatest 
promise.  Both  deviation  of  complement  and  agglutination  tests  were 
made,  and  the  agglutination  tests  were  supplemented  by  absorption  tests. 

In  preparing  immune  serums,  strains  Al,  A5,  PI,  T9  and  LI  were 
employed.  Salt  suspensions  were  made  from  agar  slants  and  rabbits 
were  injected  intravenously  in  3  day  periods,  with  2  days  between  each 
period.  Five-tenths  c  c  of  the  suspensions  was  injected  the  first  period, 
and  this  was  increased  0.5  c  c  each  period  until  a  serum  of  sufificiently 
high  titer  was  obtained. 

COMPLEMENT     FIXATION 

The  literature  on  the  complement  fixation  of  staphylococci  is  scant. 
The  one  reference  available  was  that  of  Kolmer,  Trist  and  Yagle  '^  in 
relation  to  influenza.  Using  a  Staphylococcus  aureus  antigen,  they  were 
unable  to  get  fixation  with  either  normal  or  influenza  serum. 

The  antigens  used  in  these  experiments  were  suspensions  of  24 
cultures  to  which  were  added  0.1%  formaldehyd.  The  preparation  of 
the  serum  has  already  been  described. 

After  going  through  the  preliminaries  of  obtaining  antigenic  and 
complementary  doses,  the  tests  were  made  by  incubating  at  37  C.  It 
was  found  that  all  5  serums  gave  fixation  with  all  of  the  antigens. 
There  appears  to  be  no  qualitative  differentiation  of  the  different 
strains. 

One  more  step  was  taken,  and  that  was  to  determine  whether  there 
might  be  quantitative  separation  into  groups  by  complement  fixation. 
Four  strains  were  picked  at  random,  and  the  serum  used  in  dilutions 
of  1:50,  1:  100,  1:150.     The  results  did  not  warrant  extending  the 

»  Jour.   Infect.  Dis.,    1919,   24.  p.    583. 
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work  to  include  all  the  strains.  No  sharp  difference  in  the  ability  of 
the  strains  to  fix  complement  was  manifested,  as  the  serums  were 
increased  in  dilution. 

It  would  seem,  therefore,  that  staphylococci  are  able  to  fix  comple- 
ment in  more  or  less  the  same  degree.  Further,  the  reaction  is  a 
specific  one  for  antigens  prepared  of  streptococci  and  B.  friedlander 
were  unable  to  prevent  hemolysis.  But  no  evidence  is  given  of  a 
possible  classification  of  staphylococci  by  complement  fixation — either  in 
a  qualitative  or  quantitative  way. 

This  is  not  in  the  least  surprising,  however,  when  we  recall  that 
complement  fixation  does  not  show  divisions  into  groups  with  those 
cocci  which  ha%e  been  proved  to  be  of  different  serologic  types  by 
agglutination  reactions. 

AGGLUTINATIONS 

The  agglutinatigii  reactions  of  tlie  staphylococci  have  heen  studied  by  sev- 
eral investigators.  KoUe  and  Otto'""'  found  that  immunized  serum  distinguished 
the  pathogenic  from  the'  nonpathogenic  forms.  This  was  confirmed  by  Klop- 
stock  and  Bockenheimcr,"*  Van  Durme,'  Proscher,"  Kutscher  and  Konrich," 
Veiel,**  Fracnkel  and  Baumann  "  and  Montegazza.**  Trincas  "  states  that  serum 
prepared  with  hemolytic  strains  shows  strong  agglutination  with  hemolytic 
strains,  and  slight  agglutination  witli  nonhemolytic  strains;  and  vice-versa. 
Walker  and  Adkinson  "  found  that  an  aureus  immune  scrum  would  agglutinate 
aureus  and  not  albus  strains;  and  that  an  albus  immune  serum  would  agglu- 
tinate albus  and  not*  aureus  strains. 

Our  object  was  to  group  staphylococci  by  agglutination  into  as 
many  serologic  grou|)s  as  would  evidence  themselves,  witiiout  regard 
tt>  virulence  or  pigment.  The  .same  serums  used  in  the  complement- 
fixation  test  were  \ised  for  agglutination,  and  the  same  antigens  also, 
except  that  they  were  diluted  until  their  turbidity  equaled  that  of  the 
Dreyer  standard  for  the  typhoid  group  agglutinations.  The  agglutina- 
tions were  set  up  in  serum  dilutions  of  1  :  10  and  going  as  far  as  was 
necessary  to  include  the  agglutination  titer  of  the  res{)ective  serums. 
The  serum  dilutions  and  antigens  were  added  in  0.5  cc  amounts  each, 
and  incubation  was  effected  in  a  water  hath  at  56  C.  for  16  hours. 

In  table  12  the  figures  represent  the  dilution  at  which  final  agglutina- 
tion was  observed  with  naked  eye.  There  was  present  in  the  serums  a 
prnagglutinoid  zone. 

.\n  analysis  of  the  table  shows  that  serum  Al  agglutinates  strains 
Al,  Fl,  P2.  S2.  T2,  T5.  T8.  T9.  X.  CIS.  C16  and  C18.    Serums  A5. 

"•  Centr.  f.  Bakt..  1905.  J4.  p.  4J7. 

••  Arch.  f.  Win.  Chir..  190J,  72.  p.  J25. 

■  Munchcn.  med.  Wchnjchr.,  1904.  51.  p.   U. 

••  Ibid..   1905.  52.  p.   937. 

"  Biochcm.  Cenlralbl..   1908.  8.  p.  609. 

••  Jour.  Med.  Ret..   1917.  35.  p.  373. 
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PI,  and  LI  agglutinate  strains  A2,  A3,  A5,  H2,  PI,  P3,  P4,  P5,  Tl, 
T2,  T3,  T6,  T9,  X,  Jl,  and  LI.  Serum  T9  agglutinates  P3,  T2,  T9 
and  X.  Serums  A5,  PI  and  LI  are  unquestionably  the  same  since 
they  give  the  same  reactions.  It  will  be  noted  that  strains  T2,  T9  and 
X  are  agglutinated  by  all  the  serums,  and  P3  by  all  the  serums  except 
Al.  Aside  from  these  atypical  agglutinations,  the  strains  fall  definitely 
with  one  serum.  Apparently,  then,  the  agglutination  tests  give  the 
following  grouping : 

L— Al,  Fl,  P2,  S2,  T5,  T8,  C15,  C16,  C18. 

IL— A2,  A3,  AS,  H2,  PI,  P4,  P5,  Tl,  T3,  T6,  Jl,  LI. 

IIL— T2,  T9  X  and  possibly  P3. 

TABLE     13 
Result  of  Absorption  Tests  .Antigens  * 


Serum  Absorbed  With 

Ai-Al 

Al-X 

T  9-P  3    1     T  »-T  2 

L  1-A  6 

LIP  3 

LIT  9 

A  1 

0 

0 
0 



0 

0 

0 
0 

fm 

0 

0 
0 

4800 

+ 
+ 

+ 

0 

+ 

^0 
0 

: 

+ 

1    1    1    1    1  col    1    1    1  oil    1    1  cl    1    M    1    1    1    1 
1  II  M  gel   1  1  1  ol  M   1  §1  1  1  1   1  M  1 

0 
0 
0 

600 
0 

eoe- 

0 

0 

0 

300 
0 

0  , 

300 
600 

— 

0 
0 

300 
300 
300 

300 
300 

0 

300 
30O 

300 
■      0 
300 

300 

0 

0 

300 
600 

A  2 

600 

A  3    . 

€00 

A  6 

600 

F  1 

H2 

<00 

P  1 

•^ 

P  2 

P  3 

1200 

P  4 

+ 

P  6 

8  2. 

Tl 

+ 

T  2 

0 

T  3.   .. 

T5 

T  6 

T  8. . .   . 

+ 

T» 

X 

C  15 

0 
0 

c  le 

— 

J  1 

L  1 

4- 

1200 

*  —  indicates  that  strain  did  not   agglutinate  prior  to  absorption;   figures  represent  dilu- 
tion  ot  final  positive  agglutination;   +  indicates  no  test.      All  controls  were  negative. 


ABSORPTION     TESTS 

In  order  to  further  identify  the  groups  suggested  by  the  aggluti- 
nation reactions  absorption  tests  were  conducted,  employing  the  technic 
of  Small  and  Dickson.^'  One  c  c  of  a  1 :  10  dilution  of  the  immune 
serum  was  mixed  with  4  c  c  of  the  concentrated  antigen  in  a  sterile 
centrifuge  tube.     This  amount  of  the  antigens  was  found  sufficient  to 


"  Jour.    Infect.    Dis.,    1920.  26,  p.    230. 


Hemolytic  Staphylococci  29 

absorb  tlie  homologous  ajjglutinins  after  4  hours'  incubation  at  yj  C, 
the  tul)es  being  sliaken  at  half-hour  intervals.  After  this  period  of 
incubation  the  tul)es  were  centrifugalizetl  and  the  supernatant  serum 
dilution  (1:50) -was  drawn  off  and  agglutinations  carried  out  as 
described. 

Serum  Al  was  absorbed  with  strain  Al  and  X ;  serum  T9  with  P3 
and  12 ;  serum  LI  with  A5,  P3  and  T9,  and  agglutinations  |)erformed 
against  the  antigens  which  agglutinated  with  the  respective  serum 
I)efore  absorption.     The  results  are  presented  in  table  13. 

The  absorption  tests  confirm  the  groups  found  by  agglutination. 
Croup  1  remains  as  was  found,  but  in  group  2,  H2,  is  placed  in  a 
subgroup  because  although  it  agglutinates  with  the  .same  serums  as 
A5,  absorption  by  A5  does  not  remove  agglutinations  for  H2.  In 
group  3,  P3  is  placed  in  a  subgroup.  P3  removes  agglutinins  for  all 
members  of  group  3,  but  the  other  members  of  group  3  do  not  remove 
agglutinins  for  P3. 

Revising  our  classification,  then,  we  would  have: 

(iroup  1  Group  2  Group  3 

\\  A  2  T  2 

F  1  A  3  T  9 

P2  AS  X 

S  2  PI  Subgroup 

T5  P4  PJ 

T8  PS 

CIS  Tl 

C16  T3 

C18  T6 

Jl 

LI 

Subgroup 

H2 

msCLSSION     CF     SEROLOGIC     REACTIONS 

The  u.-ic  ui  complement  fixation  in  determining  types  among  the 
staphylococci  appears  to  be  worthless.  Although  staphylococci  do  fix 
complement,  no  grouping  appeared  [X)ssible,  either  quantitatively  or 
qualitatively.  Nor  is  this  surprising — on  the  contrary,  it  is  more  or 
less  what  was  to  be  expected.  Complement  fixation  has  been  dis- 
ap])ointing  in  its  inability  to  differentiate  types — probably  l)ecau.se  the 
immunity  established  although  s|)ecific  for  the  particular  species  is 
general  and  not  sufficiently  specialize<l  to  detect  individual  types. 

-Agglutination,  however,  has  already  been  proved  to  be  an  efficacious 
means  of  detecting  tyj>es.  Furthermore,  agglutination  is  a  fixed  quality, 
and  one  which  is  considered  reliable.     So  that,  when  the  statement  is 
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made  that  virulent  types  agglutinate  only  with  serums  prepared  from 
virulent  strains,  there  must  be  an  error  somewhere.  The  properties  of 
virulence  are  obviously  among  the  most  unstable  of  bacterial  characters. 
Culture  on  laboratory  mediums  renders  a  virulent  strain  nonpathogenic 
in  a  very  short  time.  Yet  it  is  scarcely  conceivable  that  the  immunity 
reactions  are  as  readily  modified.  By  way  of  illustration:  Strain  LI, 
which  was  distinctly  pathogenic,  was  used  for  the  preparation  of 
immune  serum  before  it  could  have  undergone  avirulence;  but  its  serum 
did  agglutinate  other  strains,  including  A5,  P3  and  T9,  all  3  of  which 
were  proved  nonpathogenic.  It  may  be  that  A5,  P3  and  T9  were 
pathogenic  at  some  time  or  another,  but  at  the  time  the  test  was  made 
they  were  not  pathogenic.  It  seems  clear  to  us  that  virulence  does  not 
dictate  the  group  into  which  a  staphylococcus  shall  fall. 

Nor  does  it  seem  plausible  that  hemolytic  activity  is  the  basis  of 
agglutination  grouping.  We  have  been  unable  to  obtain  absolutely  non- 
hemolytic cultures,  and  have  been  unable  to  establish  this  point  con- 
clusively. However,  we  were  able  to  get  these  groups  among  hemolytic 
organisms,  whereas  if  hemolysis  were  the  fundamental  of  the  grouping, 
we  should  have  obtained  agglutination  of  all  our  strains  by  all  our 
serums. 

Regarding  the  association  of  pigment  and  agglutination,  this  much 
can  be  said :  Occasionally,  there  may  develop  on  a  plate  streaked  with 
a  pure  culture,  colonies  varying  appreciably  in  intensity  of  pigment, 
from  which,  as  Sullivan ""  has  shown,  quite  distinct  types  may  be 
derived  by  selection  of  the  extremes.  Yet  it  does  not  seem  probable 
that  the  parent  strain  in  such  a  case  would  vary  from  its  successor  in 
its  agglutination  reactions.  More  relevant,  however,  strain  Jl,  which  is 
an  albus,  did  agglutinate  with  serums  A5,  PI  and  LI.  which  were 
prepared  from  antigens  of  varying  shades  of  orange.  An  analysis  of 
the  pigment  and  agglutination  tables,  with  this  one  exception  cited, 
bears  out  the  contention  of  Walker  and  Adkinson  '*  in  a  general  way. 
The  members  of  group  1  are  of  a  light  pigment — either  white  or  of  a 
light  shade  of  yellow,  which  without  the  refined  technic  of  Winslow  and 
Winslow  ^'  would  easily  be  called  a  white. 

A  study  of  the  tables  of  the  diflferent  biochemical  reactions  shows 
no  definite  relationship  between  the  agglutination  groups  and  these 
reactions.  In  a  very  general  way  Group  1  seems  to  contain  the  less 
active  strains,  but  it  also  contains  some  rather  active  strains.  Groups  2 
and  3  possess  none  of  the  light  pigmented  nor  any  of  the  less  active 
strains. 

«>  Jour.   Med.   Re?..    ITOS,    14,  p.    .09. 
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These  ininiunologic  groups  will  perhaps  explain  the  variations 
experienced  in  curative  and  prophylactic  inoculations  of  either  the 
organisms  or  serum.  Stock  vaccines,  for  example,  will  not  necessarily 
be  specific,  nor  will  immune  serum  prove  to  be  efficacious  unless  it 
falls  into  the  same  group.  But  having  determined  the  group  or  tyjie 
of  staphylococcus  under  question,  we  can  employ  specific  material  either 
l)rophylactically  or  curatively. 

CONCLUSIONS 

Sta|)hylococci  produce  a  hemolytic  .substance  in  broth  which  appears 
on  the  6th  day,  reaches  a  maximum  at  the  9th  or  10th  day  and  then 
disappears  between  the  13th  and  16th  day. 

This  hemolytic  substance  is  thermolabile,  is  unafTected  by  the 
presence  of  carbohydrates  and  appears  to  be  associated  with  proteolysis 
and  possibly  autolysis. 

All  cultures  of  staphylococci  isolated  during  the  course  of  this 
investigation  appear  to  be  hemolytic — only  the  time  of  its  manifestation 
is  in  some  cases  considerably  delayed. 

Hemolytic  cultures  did  not  lose  their  hemolytic  powers  by  continued 
transplantations  into  blood- free  mediums  for  a  period  of  more  than 
four  months. 

Hemolytic  activity  shows  no  relationship  to  any  of  the  biochemical 
reactions  studied. 

Staphylococci  fix  complement  .specifically,  but  cannot  be  classified 
by  such  an  expedient. 

Three  groups  seen  definable  of  the  25  strains  studied  by  agglutina- 
tions and  absorption  test,  witii  2  ill-defined  subgroup.s — one  eacii  under 
group  4  and  group  3. 

These  groujis  apparently  bear  no  relationship  to  virulent  hemolysis 
or  biochemical  activity.  Group  1  appears  to  include  the  light  pig- 
mented and  less  active  strains. 

These  groups  may  account  for  the  variations  experienced  in  the 
past  in  the  u-^c  of  serum  and  vaccines. 

'! !  '    \vi:N:    .vi!;'-    :      '  vprcss  his  sincere  gratitude   to   Doct-:-    A.    t".    A!'-  i-     i- ■!    D.    H. 
Brrgry   !•■<   tTwir  ii]v,Thi.Tl)lc  .tffsistance  in  advice,  criticism  and  ciiccuragcmrnt. 


COMPARATIVE     RESULTS    OF    THE     LIGATION     OF 
THE    HEPATIC    ARTERY    IN     ANIMALS 

ITS     APPLICATION     TO     MAN  ♦ 
MOSES    BEHREND,    M.D.,    H.    E.    RADASCH,    M.D. 

PHILADELPHIA 

AND 

AMMON    G.    KERSHXER.    M.D. 

NORRISTOWN,     PA. 

In  a  preliminary  report  '  tlie  reason  for  this  study  was  pointed  out 
to  be  an  injury  of  the  hepatic  artery  sustained  by  a  boy,  aged  12  years, 
who  was  run  over  by  a  wagon,  the  wheels  passing  over  the  epigastric 
region.  He  had  all  the  symptoms  of  an  internal  hemorrhage.  At 
operation,  the  hepatic  artery  was  found  to  be  severed.  Both  ends  of  the 
artery  were  tied.  The  boy  did  well  until  the  tenth  day,  when  he 
developed  a  slight  jaundice,  accompanied  by  vomiting.  He  died  on  the 
fourteenth  day,  of  symptoms  resembling  acute  yellow  atrophy  of  the 
liver.  A  postmortem  examination  was  refused.  Our  desire  to  duplicate 
this  injury  in  animals  has  developed  the.se  experiments. 

In  our  preliminary  studies,  rabbits  were  used  exclusively ;  but  in 
our  later  experiments,  dogs,  cats,  guinea-pigs  and  rabbits  were  employed. 
These  animals  may  be  divided  into  the  carnivorous  and  herbivorous 
types.  We  found  the  former  ])articularly  resistant  to  the  effects  of 
the  ligation  of  the  hepatic  artery,  while  the  latter  succumbed  in  every 
instance.  This  difference  in  their  susceptibility  to  the  ligation  may 
be  due  to  changes  in  the  metabolism  in  these  two  types  of  animals. 
This  problem  is  occupying  our  attention  at  the  present  time  and  the 
results  will  be  reported  in  the  near  future. 

However,  the  anatomic  variations  may  be  a  sufficient  reason  alone 
to  cause  such  a  tremendous  difference  in  the  mortality  rate  of  the 
different  animals.  To  arrive  at  a  definite  conclusion  concerning  the 
difference  in  the  ability  of  these  animals  to  re.sist  the  ligation  performed 
in  a  similar  manner,  a  study  of  the  comparative  anatomy  of  the  four 
animals  used  was  deemed  essential  (Figs.  1,  2,  3  and  4).     It  will  be 


•  Research  work  performed  at  the  lahoratory  of  pathology,  Philadelphia 
General  Hospital.  Dr.  E.  H.  Krumbhaar.  Director:  Baugh  Institute  of  .Anatomy, 
Jefferson  Medical  College,  Dr.  J.  Parsons  Schaeffer,  Director.  Clinical  work 
performed  at  the  Jewish  and  Mount  Sinai  hospitals. 

1.  Behrend.  Moses:  Surg.  Gynec.  &  01>st.  «1:182  (Aug.)   1920 


Fig.  1.— Hepatic  artery  of  the  guinea-pig.  The  hepatic  artery  is  simply  a 
line  running  over  the  gastrohepatic  omentum:  C.  /}.,  cystic  artery;  C,  gallbladder 
and  H.  A.,  hepatic  artery. 


Fig.  2.— Hepatic  artery  of  the  rabbit.  The  single  artery  running  over  the 
gastrohepatic  omentum  may  be  noted:  G..  gallbladder:  C.  .1..  cystic  artery,  and 
H.  A.,  hepatic  artery. 


readily  seen  that  the  anastomosis  of  blood  vessels  in  the  cat  and  dog 
is  rather  intimate  when  compared  to  that  of  the  rabbit  and  guinea-pig. 

The  anatomy  of  the  hepatic  artery  and  its  variations  in  man  were 
reported  in  previous  papers,  as  well  as  the  variations  of  the  bile  ducts.'' 
These  studies  have  shown,  however,  that  in  certain  cases  in  which 
there  is  no  anastomosis  at  all  of  the  hepatic  artery  before  it  enters 
the  liver,  and  in  which  the  hepatic  artery  is  derived  from  the  celiac 
axis  only,  there  is  con?iderable  danger  in  ligating  the  sole  source  of 


Fig.  3.— Hepatic  artery  of  the  dog.  The  artery  runs  behind  the  lesser 
omentum.  The  intimate  anastomosis  accounts  for  the  resistance  of  the  dog  to 
its  ligation:  //.  A.,  hepatic  artery. 

arterial  blood  to  the  liver.  This  is  especially  true  since  the  hepatic 
artery  is  an  end  artery  (Figs.  5  and  6).  When  an  accessory  hepatic 
artery  is  derived  from  the  superior  mesenteric  or  the  left  gastric  artery 
there  is  probably  less  danger  to  the  patient,  but  there  is  no  question  that 
accidental  ligation  of  the  main  vessel  even  in  such  a  case  exposes  the 
patient  to  danger  of  necrosis  of  the  liver. 


2.  Behrend,  M. :  Failure  of  Surgery  on  Extrahepatic  Biliary  Passages. 
J.  A.  M.  A.  73:892  (Sept.  20)  1919;  Improved  Technic  for  Removal  of  Gall- 
bladder, J.  A.  M  A.  75:222  (July  24)   1920. 


Our  experiments  have  shown  that  if  even  a  branch  of  the 
hepatic  artery  is  tied  there  is  a  microscopic  change  in  the  liver 
cells  (Fig.  7).  This  change  in  the  liver  cells  may  still  be  seen  weeks 
after  the  experiment  has  been  performed.  Figure  8  illustrntes  the 
microscopic  changes  in  the  liver  cells  of  a  dog,  killed  113  days  after 
the  ligation.  The  fact  that  degeneration  of  liver  cells  may  be  detected 
easily  by  the  microscope  even  weeks  afterward  may  explain  the  cause 


Fig.  4. — Hepatic  artery  of  the  cat.  The  complexity,  the  different  branches  and 
the  anastomosis  are  in  marked  cuniiast  to  those  found  in  tic  rabbit  and 
guinea-pig. 

of  death  of  a  patient  who  was  admitted  to  the  Mount  Sinai  Hospital 
a  few  months  ago.  About  two  years  before  admission,  a  cholecys- 
tectomy had  been  performed.  The  patient  was  brought  to  the  hospital 
in  an  unconscious  condition.  Her  face  was  tinged  slightly  yellow.  A 
diagnosis  of  acute  yellow  atrophy  of  the  liver  was  made,  which  was 
confirmed  nt  necropsy.  Unfortunately,  before  a  minute  dissection  of 
the  liver  could  be  performed,  the  .specimen  was  destroyed     An  oppor- 


Fig.  5. — Human  liver,  inferior  surface,  illustrating  the  hepatic  artery  as  a 
single  blood  vessel  coming  from  the  celiac  axis,  .^fter  the  hepatic  artery  enters 
the  liver,  it  terminates  as  an  end  artery  without  anastomosis. 


->v-&<ll.    SLaJJtr 


8r      CceLuc     ^«v^ 


Access  ory 
H«{>af<c     Arteru 
/  'Qr.     Sup.      Mes«»<terlc 


Fig.  6. — Inferior  surface  of  human  liver,  showing  the  hepatic  artery  as  a 
branch  of  the  celiac  axis ;  an  accessory  hepatic  artery  as  a  branch  of  the  superior 
mesenteric  artery.  As  in  Figure  5,  the  liver  has  been  dissected  to  show  that 
the  hepatic  artery  is  an  end  artery. 


tunity  seldom  encountered  to  prove  our  contention  that  ligation  of  the 
hejwtic  artery  is  fraught  with  the  greatest  danger  was  lost.  Micro- 
scopically, the  liver  showed  a  fatty  degeneration  typical  of  acute  yellow 
atrophy  of  the  liver. 

TABLE   1. — Sites  of  Ligation   .\nd   Results   Obiai.ned  After  the  Operation   on   the 
Hepatic    Artery    of    the    Rabbit 


Rabbit 


Site  of  Lication 


f»~ 


nrlpMnX 


D«th 

Fcllowing 
Operation 


D-ath 

by 
Chloro- 
form 


18  hours 


4  (lays 


20  days 


5  davf 


17  hoart 


Died  dur- 
ing opera 
tion 


Liver  Changes 


Gross 


No   pathologic   condition 
noted 


Liver  shows  several 
white  areas,  where  tis- 
sue appears  cheesy  in 
consistency  extending 
deeply    into   liver 


No  liver  changes  except 
dense  adhesions  in- 
volving omentum,  me- 
sentery and  under  sur- 
face of  liver 


Massive  necrosis  in  area 
similar  to   Rabbit  2 


Anemic,  pale  and  flabby 


Normal 


Microscopic 


(No  sections  made) 


IjLT^e  area  of  necrosis, 
with  peripheral  zone  of 
cellular  infiltration; 
marked  dilatation  of 
central  vein  of  lobules; 
hepatic  arterioles  diffi- 
cult to  find,  and  show 
tiyalinization 

(No  sections   made) 


(No   sections  made) 


Necrosis  of  cells  nemr 
central  part  of  lobules; 
cells  stained  poorly; 
collapse  of  cells 


(No  sections  nude) 


As  has  been  stated,  the  site  of  ligation  of  the  hepatic  artery  and 
its  branches  is  important  in  developing  the  conclusions  of  our  study. 
Let  us  divide  the  steps  of  a  ligation  into  the  central  and  peripheral, 
or  a  combination  of  the  two  (Tables  1  to  6).  By  a  central  ligation  is 
meant  the  ligation  of  the  hepatic  artery  just  as  it  leaves  the  celi.ic  axis. 
By  a  peripheral  ligation  is  meant  the  ligation  of  the  hepatic  artery 


Fig.  7.— Degeneration  of  the  nuclei  as  a  result  of  ligation  of  a  branch  of 
the  hepatic  artery  (Kershner). 


MM 


''<4  • 


Fig.  8.— Liver  of  dog  killed   133  days  after   ligation  of  the  hepatic  artery; 
nuclei  dissolved   (Kershner). 


close  to  tlie  liver  in  the  folds  of  the  gastrohepatic  omentum.  In  a 
central  ligation,  on  account  of  the  anastomosis  with  the  gastroduodenal 
and  the  right  gastric  arteries,  death  of  the  animal  is  not  certain.  This 
fact  is  confirmed  in  man  by  Chiari.'  Rabbits  and  guinea-pigs 
may    even    resist   a    ligation    of    this   character;    but    if    a    successful 

TABLE  2. — Sites  of  Ligation   .\N'n  Rksults  Obtainku  After  the  Operation  on  the 
Hepatic   Artery    of    the    Rabbit 


Rabbit 


Site  of  Ligation 


10 


PerlplMrftX 


•  rtttonl 


rIpMml 


P^rlph*r»l 


D«ath 
FoUowing 
Operation 


19  hourt 


IS  hours 


23  hours 


Drath 

by 
Chloro- 
form 


Liver  Change! 


Grou 


SO  dart 


18  dart 


36  hours 


No   gross    change    noted 


No    color   change 


Hattive  necrosis  in  all 
but  one  lobe;  this  lobe 
had  blood  supply  in- 
Uct 


Extensive  adhesions; 
teveral  large  cheety 
mattes  encased  in 
liver  substance;  color, 
paler  than   normal 


Adhesions 


Characteristic  necrosis, 
especiallr  of  lobe  to 
which  gallbladder  is 
atuched;  few  adhe- 
sions found 


Microscopic 


(No  sections  made) 


(No  sectiont  made) 


Massive  necrosit  at  one 
end  of  section;  very 
little  reaction  against 
same;  liver  cells 
stained  poorly :  portal 
veins  thrombosed  and 
hugely   dilated 

Hepatic  cells  stained 
poorly;  much  degenera- 
tion ;  central  veins 
show  dilatation 


(No  lections  made) 


-Areas  of  necrosis,  with 
zones  of  reaction 
against  same;  dilata- 
tion  of   portal    venules 


jieripheral  ligation  is  performed  in  herbivorous  animals,  such  as  rabbits 
and  guinea-pigs,  all  die  in  from  seventeen  hours  to  three  or  four  days. 
This  confirms  our  experiments  reported  in  our  preliminary  note.  Dogs 
are  most  resistant  and  live  in  spite  of  the  ligations,  which  fact  coincides 


i.  Chiari:  Quoted  by  Baruch,  Btritr.  z.  Win.  Chir.  48:502,'  1915. 


fe 
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with  the  work  of  Whipple.*  Kehr  and  Narath  '  state  that  fatal  necrosis 
in  rabbits  is  common  because  all  the  branches  of  the  hepatic  artery 
are  easy  to  ligate,  while  in  clogs  it  is  very  different  because  of  numerous 
anastomoses  and  sources  of  blood  supply  from  the  diaphragm.  In 
his  dissections  of  the  liver  of  the  dog,  Dr.  Benjamin  Lipshutz,  working 
in  our  laboratory,  found  no  arterial  supply  going  to  the  liver  from 
any  source  except  through  the  agency  of  the  hepatic  artery  as  illustrated 
in  Figure  3.  Dogs  and  cats  will  show  the  effects  of  a  ligation  for  several 
days  afterward.  They  are  not  so  playful  and  there  is  an  appreciable 
loss  in  weight.     Still  they  recover  from  the  effects  of  the  operation. 


Fig.  9. — Massive  necrosis  of  liver  of  cat  after  every  vessel  had  been  ligated 
that  entered  the  liver   (Kershner). 

In  only  one  cat  were  we  able  to  cause  death  by  ligation  of  every 
vessel  running  into  the  liver.  This  included  also  the  ligation  of  the 
vessels  of  the  diaphragm,  which,  according  to  some  authorities,  keep 
the  animals  alive  after  the  hepatic  artery  has  been  ligated.  The 
microscopic  study  of  the  liver  of  this  animal  showed  it  to  be  in  a 
state  of  complete  necrosis  (Fig.  9). 

The  most  important  deductions  from  our  studies  will  be  their 
application  to  the  human  being.  Naturally  the  experimental  operation 
cannot  be  performed  in  man ;  but  from  our  studies  in  the  anomalies 
of  the  hepatic  artery  in  the  anatomic  laboratory  and  at  the  operating 
table,  we  are  convinced  that  the  hepatic  artery  instead  of  the  cystic 


4.  Whipple:  Bull.  Johns  Hopkins  Hosp.  20:281,  \9W. 

5.  Kehr  and  Narath:  Deutsch.  2tschr.  f.  Chir.  185:305  (March)   1916. 


11 

artery  may  easily  be  ligated.  It  is  our  opinion  that  some  unexplain- 
able  deaths  are  due  to  necrosis  of  the  hver,  caused  by  the  ligation  of  the 
hepatic  artery,  especially  in  those  cases  in  which  there  is  no  anastomosis 
before  the  hepatic  artery  enters  the  liver  and  in  which  there  is  no 
accessory  hepatic  artery. 

TABLE  3. — Sites  of  Ligation  and  Results  Obtained  After  the  Operation  on  the 
Hepatic  Artery  of  the  Guinea-Pig 


Gninea- 
Pig 


Site  of  Ligation 


Death 
Fcllowing 
Operation 


Mllptwrkl 


rarlTMrkl 


12  hoUTi 


i'A  days 


in  dayt 


S  dajri 


Death 

hy 
Chloro- 
form 


9  days 


Liver  Changes 


Grou 


Liver    soft    and    flabliy, 
irregular  white  areas 


Liver  shows  irregular 
white  areas  of  necro- 
sis, cheesy  and  friable 
in  consistency 


Some  adhesions,  one  lobe 
pale  and  anemic;  small 
white  areas  of  necro- 
sis in  rest  of  lobes; 
distinct  anemic  infarct, 
reaction  against  same 
being  poor 


Very  few  adhesions;  no 
gross  changes 


Irregular  areas  of  necro- 
sis marked;  adhesions 
profuse  on  under  sur- 
face of  liver 


Microscopic 


Areas  of  focal  necrosis, 
hydropic  degeneration: 
few  vessels  contained 
coagulum 


Typical  pale  infarct,  zone 
of  reaction  surrounding 
same;  portal  veins  di- 
lated; rest  of  tissue 
■hows  congestion  and 
cloudy  swelling 


Thrombus  in  portal  vein: 
fatty  infiltration  and 
hydropic  degeneration 


Ooudy  swelling  predom- 
inating; hydropic  de- 
generation near  centra] 
vein  area;  sinusoids 
g  r  e  a  1 1  y  injected  in 
places 


No  area  of  necrosis  in- 
cluded in  section;  cells 
generally  show  hydropic 
firgeneration ;  arterioles 
dinicult  to  find 


The  deliberate  ligation  of  the  hepatic  artery  in  man  has  been  per- 
formed by  others,  and  it  illustrates  our  contention  that  death  results 
following  the  operation.    Baruch,*  in  referring  to  an  hepatic  aneurysm 


6.  Banich:  Beitr.  z.  kiln.  Chir.  45:502-512,  1915. 
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states  that  the  ligation  of  the  hepatic  artery  is  tragic  on  account  of 
its  lethal  effect.  He  also  reports  eight  deliberate  ligations  of  the  hepatic 
artery.  Tuffier/  in  operating  on  what  was  supposedly  a  hydatid  cyst, 
opened  an  aneurysm  of  the  hepatic  artery.  The  bleeding  that  followed 
was  so  profuse  that  he  was  compelled  to  ligate  the  hepatic  artery  prox- 
imal to  the  aneurysmal  sac.  Death  followed  within  four  days.  There  was 


Fig.    10. — Necrosis    and    degeneration    of    liver    cells    and    cloudy    swelling 
(Radaseh). 

no  liver  necrosis ;  but  death  was  thought  to  be  due  to  hepatic  insuffi- 
ciency. Kehr's  *  patient  is  the  only  one,  whose  case  is  reported,  that  lived 
after  the  ligation  of  the  hepatic  artery.  He  states  that  after  ligation  of 
the  hepatic  artery  above  and  below  the  aneurysm,  the  latter  bled  pro- 


7.  Tuffier:    Presse   med.   17:153,   1909;   .^llessadria:    Bol.  Acad,  de  med.   de 
Roma,  32:63-67,  1906. 

8.  Kehr:    Munchen.  med.  Wchnschr.  1:1861-1867,  1903. 
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fusely  after  it  was  oijened,  necessitating  a  tight  tamponade.  Kelir 
concluded  from  this  observation  that  ligation  of  the  hei)atic  artery  was 
the  proper  treatment.  Baruch  dissents  from  this  opinion  on  account  of 
the  occurrence  of  experimental  necrosis  following  the  ligation  of  the 
hepatic  artery  in  animals. 

TABLE    4. — SiTKS    OF    Ligation    and    Results    Obtainkd    Aftkr    Oper.stio.n    o.v    the 

Hepatic   Artery   of   the    Doc 


\ 


'l 


Death 
Following 
Operation 


4  days 
from 
sepsis 


Death 

by 
Chloro- 
form 


33  (Uys 


38  days 


35  days 


113  days 


Liver  Changes 


Gross 


Paling     of     portion     of 
under  surface  of  liver 


No  changes  noted  except 
for  adhesions  in  gas- 
trohepatic    region 


None  noted,  except  dense 
adhesions  about  gastro- 
hepatic  region 


Appears  normal  except 
tor  few  small  areas  of 
gray  coloration 


Liver  of  normal  con- 
sistency and  color ; 
very   few  adhesions 


Microscopic 


(No   sections   made) 


Portal  veins  dilated;  or- 
ganizing thrombi  i  n 
some  vessels;  liver  cells 
swollen  and  fine  va- 
cuoles present;  yellow, 
amorphous  pigment 
present 

(No  sections  taken) 


Capsule  normal;  central 
zone  of  each  lobule 
shows  destruction  of 
liver  cells  and  replace- 
ment by  cellular  detri- 
tus re<l  blood  cells,  and 
amorphous  pigment: 
Urge  hicilli  scattered 
throughout    detritus 

Liver    cells    are    swollen, 

gale,  and  tilled  with 
ne  vacuoles;  nucleus 
absent  in  many  in- 
stances; yellowish, 
amorphous  pigment  in 
abundance ;  portal  veins 
not  dilated 


Narath  has  collected  all  the  articles  on  ligation  of  the  hepatic  artery, 
particularly  the  work  of  von  Haberer.  The  data  disclose  that  tlie 
vitality  of  the  liver  depends  on  the  site  of  the  ligation.  The  more 
centrally  the  ligature  is  placed,  the  greater  the  chance  of  recovery. 
The  results  also  show  that  ligation  of  a  branch  of  the  hepatic  artery 
in  most  cases  resulted  in  the  death  of  the  animal  from  hepatic  necrosis. 
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If  death  does  not  follow,  the  necrotic  area  is  encapsulated.  All  this  is 
in  conformity  with  our  own  experimental  work.  In  addition,  we  found 
that  one  or  two  animals  survived  because  of  adhesions  of  the  liver  to  the 
diaphragm  and  of  the  great  omentum  to  the  parietal  peritoneum,  form- 
ing, so  to  speak,  an  accessory  anastomosis  similar  to  that  following  a 


Fig.  11. — Same  as  Figure  10,  l)ut  showing  a  lesser  degree  of  degeneration 
(Radasch). 

Talma  operation  for  cirrhosis  of  the  liver.     The  occurrence  was  so 
striking  that  our  attention  was  directed  to  this  phenomenon. 


TECHNIC 

Prior  to  operation  all  animals  were  shaved,  tincture  of  iodin  was  applied 
to  the  skin,  and  then  the  field  of  operation  was  surrounded  with  a  sterile  sheet. 
The  instruments  were  boiled  between  operations,  when  more  than  one  was  per- 
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formed  on  the  same  day.  The  hands  were  thoroughly  scriil)bcd.  Gloves  were 
not  used.  Ether  anesthesia  was  used  altogether,  except  in  the  case  of  cats, 
when  chloroform  was  employed  to  induce  stupor  only,  after  which  ether  was 
given.     Chloroform    was    tried    on    dogs,    hut    they    were    so    susceptible   to    it 


TABLE    5.  —  Sites    of    Ligation    and    Results    Obtained    After    Operation    on    the 

Hepatjc  Artery  of   the   Cat 


Liver  Changes 


Gross 


Microscopic 


No  changes  mjte<l  i  N"   sections  made) 


23  days     N'o  changes   noted 


Liver  shows  no  grrss 
change;  gallbladder 
thickened  and  totigh; 
adhesions 


Dense  adhesions  in  re- 
gion of  gallbladder : 
no  other  changes  noted 


Soft,  succulent,  and 
paler  in  some  areas 
llian   in   others 


(  No   sections   made) 


Hydropic  degeneration  ot 
liver  ce'ts;  immediate 
subcapsular  region  is 
congested ;  some  cen- 
tral veins  contain  coaf^- 
ulum;  portal  veins  di- 
lated 


Capsule  normal ;  central 
veins  congested;  liver 
cells  venerally  show 
hydropic  degeneration. 
but  are  best  preserved 
in  subcapsular  areas 


Univeriat   necrosis 


that  we  were  compelled  to  use  ether  exclusively.  Silk  was  used  in  all  ligation; 
the  wounds  were  closed  with  catgut  and  silk  sutures.  A  pad  was  always 
placed  at  the  border  of  the  ribs  posteriorly  so  as  to  render  the  structures 
around  the  foramen  of  Winslow  nearer  to  the  field  of  operation. 
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MORPHOLOGIC     AND     HISTOLOGIC     REPCKT 

The  following  morphologic  and  histologic  report  by  one  of  us  (Dr. 
Radasch)  describes  the  results  of  our  experimental  work  mentioned 
in  the  preliminary  note.  In  the  main,  these  descriptions  were  confirmed 
in  our  final  experiments. 

The  necropsy  of  one  of  the  rabbits  that  died  between  four  and  five  days 
after  ligation  showed  that  the  liver  had  undergone  serious  changes.     Between 


Fig.  12. — Parenchymatous  degeneration ;  portal  canals  unusually  prominent 
(Radasch), 

the  right  lobe  and  the  diaphragm,  there  was  a  layer  of  light  yellow  material 
that  seemed  to  be  necrotic  liver  tissue.  The  left  lobe  of  the  liver  was  mottled 
with  reddish  and  whitish  patches.  The  cardiac  part  of  the  stomach  also  showed 
a  yellowish  patch. 

The  surface  of  sections  showed  a  thick  layer  of  granular  material  which 
under  the  higher  power  was  seen  to  consist  of  many  leukocytes  (chiefly 
polymorphonuclear   cells   and   some   lymphocytes)    and   necrotic   substance.     In 


17 

some  areas,  the  cells  predominated  and  in  others  the  granular  necrotic  material 
was  predominar.t.  Separating  this  necrotic  layer  <rom  the  liver  cells  was 
the  scarcely  perceptible  capsule  of  the  liver.  In  places  the  capsule  seemtil  absent 
and  the  liver  cells  underneath  had  undergone  a  degenerative  change  in  varying 
degrees ;  some  were  entirely  destroyed,  while  others  were  very  nearly  so,  or  . 
showed  only  early  changes.    Many  areas  of  focal  necrosis  were  noticeable  and 

TABLE    6. —  Sites    of    Ligation    and    Results    Obtained    After    Operation    on    the 

Hepatic  Artery  of  the  Cat 


Cat 


Site  of  Ligation 


(/rsrul  T<U. 


rvrlylMrml 


Death 
Following 
Operation 


Death 

by 
Chloro- 
form 


Liver  Changes 


Gross 


Microscopic 


18  hours 


14  days 


63  da/s 


40  days 


27  days 


Pale,  soft  and  flabby  Total   necrosis 


Many  adhesions;  two 
lobes  of  liver  a  degree 
paler  than  normal 


Many  adhesions;  liver 
considerably  paler 
than  normal;  no 
change    in    consistency 


Liver  much  palrr  than 
normal;  gallbladder 
apparently  normal;  in- 
ferior surface  of  liver 
shows  s  m  a  I  U  pale, 
raised  areas 


Adhesions   but    no   other 
changes 


Portal  veins  injected; 
central  veins  distended; 
hydropic  degeneration 
of  liver  cells;  no  mas- 
sive   necrosis 


Irregular  focal  necrosis 
in  central  parts  of  lo- 
bules; hydropic  degen- 
eration of  cells  toward 
periphery  of  lobule: 
some  enlargement  of 
all   the  vessels 


Cells  swollen  and  pale; 
certain  areas  contain 
irregular,  clear  va- 
cuoles; nuclei  generally 
pale,  and  some  entirely 
misiiing  (hydropic  de- 
generation) 


(No   sections  made) 


some  of  these  were  quite  large  and  chiefly  subcapsular.  The  hepatic  cells  in 
general  exhibited  parenchymatous  changes,  especially  the  nuclei.  The  latter 
responded  very  poorly  to  the  stain.  Some  of  the  larger  biliary  ducts 
showed  changes.  The  epithelium  was  partly  desquamated  and  the  remainder 
showed  cloudy  swellings  (Figs.  10  and  11). 
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Another  section  of  liver  from  a  rabbit  that  li-ved  five  days  after  the  operation 
showed  a  somewhat  thickened  capsule  and  the  cells  showed  proliferation  on 
the  deeper  surface.  The  hepatic  cells  in  general  showed  parenchymatous  Regen- 
eration to  a  marked  degree.  There  were  a  few  small  necrotic  areas,  and  small 
groups  of  round  cells  were  noted.  The  cell  chains  were  very  much  attenuated 
in  places,  and  the  cells  showed  atrophy.  The  portal  canals  were  unusually 
prominent   (Fig.  12). 


Fig.    13. — Most   e.xtensive   changes.     The   liver   in   fresh   state   showed   many 
small  holes  (Radasch). 


Another  section  exhibited  the  most  extensive  changes  so  far  studied.  Even 
in  the  fresh  state  (at  removal),  the  liver  showed  many  small  cavities  that 
communicated  with  one  another.  In  section  this  condition  was  emphasized 
and  gave  the  appearance  of  having  been  riddled  with  shot.  The  same  section 
represented  the  thin  margin  of  the  liver,  and  with  the  unaided  eye  the  numerous 
small  spaces  left  by  the  removal  of  the  necrotic  tissue  gave  characteristic 
appearance  to  the  section.  The  capsule  showed  very  little  thickening,  and  the 
mesothelium  for  the  most  part  was  absent.  Most  of  the  remaining  hepatic 
epithelium    showed   marked   parenchymatous   degeneration.     A    few   cells   gave 
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a  good  nuclear  stain,  but  these  cells  were  mostly  small  and  atrophic  with 
enlarged  sinusoids  between  them.  The  portal  canals  all  stood  out  prominently 
and  in  some  of  these  areas  the  branches  of  the  bile  ducts  showed  desquamation 
of  the  epithelium.  In  the  interlobular  tissue  of  the  portal  canals  an  unusually 
large  number  of  thin  walled  blood  vessels  of  considerable  caliber  may  be 
noted  (Fig.  14). 

Conclusions.— {1>T.  Kadasch). — The  lesion  rescniliics  sumcwliat  the  changes 
that  occur  in  acute  yellow  atrophy  of  the  liver.  The  diminution  in  size  is  not 
so  marked,  but  the  mottling  is  apparent. 

While  the  microscopic  changes  in  acute  yellow  atrophy  usually  show  fatty 
degeneration  and  the  presence  of  fat  droplets  and  hyaline  material,  in  the  section 
studied  there  seemed  to  be  an  absence  of  fatty  material  of  all  kinds.  The 
cells  have  undergone  a  rapid  parenchymatous  and  necrotic  thange  so  that  the 
architecture  is  destroyed  and  there  remains  only  an  amorphous  mass  of  granular 
necrotic  material.  The  term  "necrobiosis"  seems  well  chosen  to  express  the 
condition,  as  a  "living  death"  seems  to  be  e.xemplitied  in  the  shrinking  and 
degenerating  cells. 

This  result  of  ligation  of  the  artery  seems  to  indicate  an  acute  anemia 
of  the  liver.  The  hepatic  vessel  is  far  too  small  a  vessel  to  act  as  the  nutrient 
vessel  of  the  organ,  that  is  the  function  of  supplying  the  liver  with  food. 

The  liver  is  an  important  oxidizing  organ.  The  various  toxins  formed  by 
the  putrefaction  of  proteins  in  the  intestines  are  brought  to  the  liver  by  the 
portal  vein,  and  through  the  action  of  the  liver  cells,  these  substances  are 
oxidized  and  rendered  harmless  substances  that  the  kidneys  later  eliminate. 
If  the  liver  cells-  are  deprived  of  this  and  other  oxygen,  they  cannot  perform 
these  chemical  changes,  and  also  degenerate  as  the  result  of  the  presence  of 
these  toxins  and  the  inability  to  repair  their  own  wear  and  tear. 

It  would  appear  that  any  injury  which  prevents  the  proper  amount  of 
oxygenated  blood  from  getting  into  the  liver  gives  rise  to  an  acute  anemia 
that  is  followed  by  general  necrobiosis  of  the  hepatic  tissue. 

GENER.\L     CONCLUSIONS 

Ligation  of  the  hepatic  artery  is  dangerous  at  all  times.  This  has 
been  proved  in  the  few  cases  rejxjrted  in  which  a  deliberate  ligation  in 
man  was  one  of  necessity  on  account  of  aneurysm  or  other  pathologic 
comlitions.    (Only  one  patient  recovered  [Kehr's].) 

There  is  a  varying  susceptibility  of  animals  to  the  effects  of  ligation 
of  the  hepatic  artery.  This  dejiends  on  the  point  of  ligation  to  a  certain 
extent,  namely,  whether  the  ligation  is  tnade  centrally  or  peripherally. 

Rabbits  and  guinea-pigs  always  succumb  to  successful  peripheral 
h'gation.  Dogs  and  cats  resist  the  ligation  and  continue  to  live  indefin- 
itely in  spite  of  a  combination  of  a  peripheral  and  central  ligation. 

An  imporiaiU  point  to  be  kept  in  mind  is  that  iiistologically  we  have 
found  degeneration  of  the  liver  cells  in  all  animals  in  which  ligation 
was  performed. 
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The  object  of  the  present  communication  is  to  present  the  func- 
tional changes  produced  by  repeated  transfusions  in  the  blood-making 
and  blood-destroying  apparatus  and  in  metabolism,  and  also  the 
structural  changes  in  the  viscera  of  dogs  and  rabbits.  The  source 
of  an  anemia  that  developed  during  the  plethoric  stage  has  also  been 
considered.  In  an  attempt  to  throw  further  light  on  the  relation  of 
the  spleen  to  blood  formation  and  blood  destruction,  we  first  studied 
the  effect  of  splenectomy  in  artificial  plethora,  and  tried  to  find  evi- 
dence of  increased  enzyme  action  in  the  spleen  removed  at  a  time 
when  blood  was  being  destroyed  in  greatly  increased  quantities. 
Not  only  were  these  efforts  barren  of  results,  but  it  was  also  found 
that  our  knowledge  of  the  changes  caused  by  the  artificial  induction 
of  plethora  was  in  itself  meager. 

I. 
Blood  Formation  and  Destruction. 

A  few  writers  have  studied  the  effect  of  plethora  on  rabbits,  animals  notoriously 
inconstant  in  their  hemopoietic  reactions.  Hess  (1)  induced  plethora  in  rabbits 
by  repeated  transfusions  in  order  to  study  the  effect  on  the  work  of  the  heart, 
and  Itami  (2)  studied  the  tissue  changes  in  these  same  animals.  These  writers 
also  described  an  extremely  plethoric  rabbit,  which,  in  spite  of  continued  trans- 
fusions and  of  the  absence  of  isolysins,  developed  a  marked  anemia.  Robertson 
(3)  has  described  more  thoroughly  this  type  of  plethoric  anemia  and  has  shown 

•  Aided  by  a  grant  from  the  Elizabeth  Thompson  Science  Fund, 
t  Read  before    the    American  Society    for    Experimental   Pathology;    New 
Haven,  December  29,  1921. 
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the  relationship  of  plethora  and  anemia  to  bone  marrow  activity,  as  indicated 
by  the  percentage  of  reticulated  red  cells.  This  writer  found  that  agglutinms 
developed  coincidcntally  with  the  anemia,  but  did  not  give  quantitative  details  of 
the  results.  Kambc  and  Komiya  (4)  also  encountered  this  anemia  in  rabbits 
that  had  been  made  plethoric  and  also  demonstrated  the  presence  of  agglutinins 
qualitatively. 

Ottenberg  and  Thalhimer  (5)  found  that  isohemolysins  are  seldom  present  in 
the  blood  of  normal  cats,  but  that  they  often  appear  in  the  blood  of  recipient 
cats  after  transfusions.  With  the  development  of  hemolysins,  the  animals 
developed  a  marked  anemia,  from  which  they  quickly  recovered  after  cessation 
of  transfusions.  Ottenberg,  Kaliski,  and  Friedman  (6)  demonstrated  the  presence 
of  isoagglutinins  and  isohemolysins  in  dogs.  These  authors  also  showed  that 
direct  transfusion  of  blood  that  is  agglutinated  and  lakcd  by  the  recipient's  blood 
is  followed  by  the  destruction  of  the  transfused  blood  with  an  intense  intoxication. 
Boycott  and  Douglas  (7,  8)  observed  that  dogs  do  not  destroy  cells  during  the 
days  immediately  following  a  first  transfusion,  but  that  once  the  animal  has 
become  accustomed  to  destroying  blood,  it  can  dispose  of  the  transfused  red 
blood  cells  two  to  eight  times  as  fast  as  after  the  first  transfusion.  They  therefore 
think  that  some  mechanism  must  be  developed  by  the  animal  for  the  rapid  destruc- 
tion of  foreign  red  cells.  Since  Boycott  and  Douglas  could  find  no  evidence  of 
isohemolysins  after  the  transfusions,  they  concluded  that  transfused  red  cells 
were  not  destroyed  by  direct  hemolysis. 

Methods. 

Plethora  was  produced  in  dogs  by  daily  transfusions  of  25  to 
200  cc.  of  whole  blood  taken  from  six  compatible  donors  in  rotation. 
Dogs  weighing  from  6  to  10  kilos  were  used  as  recipients  and  larger 
animals  as  donors.  With  careful  technique  the  jugular  veins  were 
used  during  the  entire  experiment  for  aspiration  of  blood  from  the 
donor  and  injection  into  the  recipient.  The  donor's  blood  was  drawn 
into  an  Erlenmeyer  flask  containing  2  cc.  of  10  per  cent  sodium  citrate 
for  every  100  cc.  of  blood,  to  prevent  clotting.  The  blood  was  allowed 
to  flow  into  the  recipient  from  a  sterile  burette  by  gravity.  The 
hemoglobin  and  the  total  blood  volume  figures  were  used  for  estimat- 
ing the  degree  of  plethora. 

Hemoglobin  was  determined  by  the  Newcomer  (9)  method,  and 
the  vital  red  method  of  Keith,  Rowntree,  and  Geraghty  (10)  was 
used  in  the  estimation  of  the  blood  volume.  The  method  of  Wilbur 
and  Addis  (11)  was  employed  for  the  determination  of  urobilin  as  an 
index  of  blood  destruction. 
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Bone  marrow  activity  was  studied  by  estimating  the  percentage 
of  reticulated  or  "skeined"  erythrocytes.  It  is  suggested  that  for 
the  sake  of  brevity,  the  word  "reticulocyte"  be  substituted  for  "re- 
ticulated crj'throcyte,"  and  the  term  "reticulosis"  be  designated 
to  replace  some  such  expression  as  "an  increase  in  the  number  of 
reticulated  cells,"  as  is  now  the  custom.  The  percentage  of  reticu- 
locytes was  estimated  after  vital  staining  with  Griibler's  brilliant 
cresyl  blue.'  The  recipients  were  fed  a  standard  diet  of  beef  heart, 
cracker  meal,  sugar,  lard,  bone  ash,  and  salt,  and  the  donors  were 
given  table  scraps.  The  test  animals  gained  in  weight  during  the 
experiment,  while  the  donors  became  only  slightly  anemic  with  only 
a  small  rise  in  the  percentage  of  reticulocytes.  Removal  of  the 
spleen  was  performed  under  ether  anesthesia  without  noteworthy 
loss  of  blood. 

RESULTS. 

Production  of  Plethora. 

Seven  dogs  were  rendered  plethoric  by  the  method  described. 
The  degree  of  plethora  obtained  did  not  depend  on  the  amount  of 
blood  injected;  for  instance,  one  dog  given  twenty  transfusions, 
averaging  48  cc,  attained  as  great  a  rise  in  hemoglobin  as  another 
injected  twenty-three  times,  each  transfusion  averaging  157  cc. 
The  largest  number  of  transfusions  in  one  animal  was  61  in  76  days; 
the  shortest  period  was  15  days  with  eleven  transfusions  in  a  fatal 
case.  The  maximum  hemoglobin  obtained  in  these  plethoric  animals 
varied  from  146  to  226  per  cent  (Text-figs.  1  to  4). 

A  peculiar  result  was  noted  in  three  out  of  four  dogs  (Nos.  1,  2,  and 
3)  when  transfusions  were  discontinued  during  the  height  of  plethora; 
namely,  a  temporary  rise  in  hemoglobin  of  11,  17,  and  21  per  cent,  oc- 
curring on  the  3  following  days.  This  was  also  noted  by  Boycott  and 
Douglas  in  one  of  their  rabbits.  The  drop  in  hemoglobin  after  the 
sudden  rise  was  almost  as  striking.  The  fourth  dog  (No.  4)  main- 
tained a  constant  hemoglobin  level  for  10  days  before  the  transfusions 
were  stopped,  and  upon  ceasing  injections,  there  was  a  sudden  drop. 
It  is  suggested  that  possibly  some  organ,  such  as  the  liver,  acts  as  a 
blood  storehouse,  and  upon  cessation  of  transfusion,  a  further  rise  in 

'  American  preparatioos  of  this  stain  have  not  been  of  any  use  in  our  hands. 
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blood  count  is  caused  by  excess  blood  being  thrown  into  the  blood 
stream. 

The  results  of  our  investigations  have  shown  that  the  excess  blood 
is  destroyed  as  rapidly  by  the  splenectomized  as  by  the  normal  dogs, 
after  ceasing  the  transfusions.  Three  dogs  were  made  plethoric, 
their  spleens  removed,  and  transfusions  stopped;  the  fourth  dog  used 
for  a  control  was  made  plethoric  but  was  not  splenectomized.  In  all 
four  cases,  after  discontinuing  transfusions,  the  blood  was  destroyed 
with  approximately  equal  rapidity,  as  indicated  by  hemoglobin  and 
blood  volume  studies.  After  4  to  6  weeks  the  hemoglobin  had  re- 
turned to  normal  and  then  a  moderate  anemia  (hemoglobin  varying 
from  IS  to  27  per  cent  below  normal)  persisted  for  a  few  weeks,  fol- 
lowed by  a  permanent  return  to  normal.  This  anemia  might  be 
considered  as  an  expression  either  of  the  time  required  by  the  bone 
marrow  to  recover  from  its  enforced  inactivity,  or  more  probably  of 
the  organism's  attempt  to  rid  itself  of  its  newly  acquired  powers 
of  increased  blood  destruction. 

The  first  few  transfusions  raise  the  hemoglobin  percentage  only 
very  slightly.  The  reactions  of  animals  during  this  time  differ  widely. 
Dog  3,  for  example,  was  transfused  with  620  cc.  of  blood  in  4  days, 
causing  the  hemoglobin  to  rise  from  the  normal  of  86  per  cent  to  only 
98  per  cent.  Another  dog's  (No.  2)  hemoglobin  increased  only  9 
per  cent  by  the  3rd  day  after  95  cc.  of  blood  had  been  transfused. 
The  organism  can  apparently  handle  this  excess  blood  during  the  first 
few  days  of  transfusions  without  showing  any  signs  of  marked  in- 
creased blood  destruction,  as  will  be  shown  below  in  the  urobilin  and 
metabolism  studies. 

One  apparently  successful  attempt  was  made  to  break  down  an 
animal's  blood-destroying  mechanism  (No.  5)  by  transfusing  relatively 
massive  quantities  of  blood  (averaging  133  cc.  per  day).  It  was 
possible,  by  this  means,  to  obtain  a  rise  in  hemoglobin  from  98  per 
cent  to  200  per  cent  in  11  days.  With  the  continuance  of  these  large 
daily  transfusions,  however,  this  very  high  blood  concentration  was 
after  8  days  reduced  by  the  organism  to  150  per  cent.  Continued 
transfusions  then  apparently  killed  the  animal  after  a  second  rise  in 
hemoglobin  to  226  per  cent.  The  red  cell  count,  at  this  time,  was 
15,500,000,  as  compared  with  the  normal  of  7,160,000.  The  cause 
of  death  of  this  animal  will  be  considered  later. 
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Atlanta  Following  Plethora. 

This  anemia,  developing  in  spite  of  and  probably  on  account  of 
continued  transfusions,  is  characterized  by  a  marked  fall  in  hemoglobin 
and  red  blood  cells  with  at  first  little  reticulocyte  evidence  of  regen- 
eration. In  one  splenectomized  dog  (No.  6,  Text-fig.  1),  the  anemia 
developed  rapidly  until,  at  the  end  of  15  days,  the  hemoglobin  had 
fallen  from  138  per  cent  to  21  per  cent;  there  was  then  a  temporary 
rise  for  several  days,  followed  by  a  fall  to  13  per  cent,  when  it  reached 
the  point  of  greatest  severity.  Although  transfusions  were  contin- 
ued daily  at  this  time,  the  hemoglobin  at  the  end  of  13  days  was  17 
per  cent.  The  injections  were  stopped  and  the  hemoglobin  returned 
to  normal  slowly.  In  another  animal  (No.  7,  Text-fig.  3),  in  which 
transfusions  were  continued  after  splenectomy,  the  hemoglobin  fell 
from  185  per  cent  to  67  per  cent  during  a  period  of  18  days;  with 
continued  transfusions,  however,  the  hemoglobin  rose  again  to  a 
high  figure. 

The  experiment  with  Dog  6  was  controlled  by  transfusing  equal 
amounts  of  blood  from  the  same  donors  into  a  normal  dog  (No.  4). 
This  animal  developed  an  artificial  plethora  (which  persisted  until 
transfusions  were  discontinued)  without  anemia  (Text-fig.  2).  The 
significance  of  this  disparity  will  be  discussed  later. 

Bone  Marrow  Activity  in  Plethora  and  Anemia. 

Our  experiments  with  dogs  have  confirmed  Robertson's  (3)  find- 
ings in  rabbits  that  reticulocj^es  practically  vanished  during  the 
stage  of  artificial  plethora,  but  were  greatly  increased  during  the 
"plethoric -anemia"  stage  (Text-figs.  1  to  4).  The  value  of  reticu- 
locytes as  an  index  of  bone  marrow  activity  and  blood  formation  is 
especially  evident  in  Text-fig.  1,  which  shows  the  sudden  anemia 
following  plethora  in  Dog  6.  The  sudden  fall  in  hemoglobin  is  seen 
to  be  accompanied  by  a  slight  increase  in  reticulocytes,  which  had 
been  practically  absent  in  the  plethoric  stage.  This  reticulosis 
became  marked  after  tlie  anemia  had  been  in  progress  2  weeks,  and 
after  transfusions  had  been  stopped,  the  reticulocytes  increased  to 
the  extremely  high  level  of  81  per  cent.  The  animal's  hemoglobin 
and  reticulocytes  gradually  returned  to  normal  after  transfusions 
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Text- Fig.  1.    Dog  6.   Reticulocyte  and  hemoglobin  curves  in  experimental 
plethora  and  "plethoric  anemia."    The  amount  of  blood  transfused  was  5,965  cc. 
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Text-Fig.    2.  Dog  4.  Reticulocyte  and  hemoglobin  curves  in  experimental 
plethora.    The  amount  of  blood  transfused  was  6,150  cc. 
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Text-Fio.  3.    Dog  7.   Reticulocyte  and  hemoglobin  curves  in  experimental 
plethora  and  "plethoric  anemia."    The  amount  of  blood  transfused  was  10,450  cc. 
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Text-Fic.  4.    Dog  5.   Reticulocyte  and  hemoglobin  curves  in  fatal  experi 
mental  plethora.    The  amount  of  blood  transfused  was  5,000  cc. 
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had  been  discontinued.  In  Dog  7,  in  which  a  slight  anemia  developed 
after  splenectomy,  the  slight  increase  in  reticulocytes  should  be  noted 
in  passing. 

Blood  Volume  Studies. 

The  vital  red  method  of  Keith,  Rowntree,  and  Geraghty  gives,  according  to 
Smith,  Arnold,  and  Whipple  (12),  an  accurate  index  of  plasma  volume,  but  is  less 
reliable  for  red  cell  volume  determinations.  One  can,  however,  obtain  compar- 
able results  when  working  on  the  same  animal  for  a  long  period  of  time.  Keith, 
Rowntree,  and  Geraghty  (10)  observed  in  many  anemic  patients  an  increase  of 
plasma  volume  and  found  that  in  polycythemia  the  plasma  volume  may  be  either 
low  or  high — in  the  latter  case  true  plethora  may  be  said  to  exist.  Bock  (13),  on 
the  other  hand,  studying  the  blood  volume  in  pernicious  anemia,  has  shown  that 
as  long  as  the  hemoglobin  remains  above  30  per  cent,  there  is  a  remarkable  con- 
stancy of  plasma  volume.  In  patients  with  lower  hemoglobin,  there  is  a  corre- 
sponding reduction  of  the  plasma  volume.  The  variations  in  blood  volume  are, 
for  the  most  part,  due  to  changes  in  red  cell  content.  Denny  (14)  also  finds  that 
the  plasma  volume  is  essentially  normal  in  pernicious  anemia,  and  a  decrease  in 
total  volume  is  due  to  loss  of  cell  mass.  The  constancy  of  the  plasma  volume 
is  also  shown  by  Peters  and  Rubnitz's  (15)  report  that  the  plasma  nitrogen  has 
no  tendency  to  decrease  in  anemia. 

In  four  dogs  studied,  the  total  blood  volume  was,  as  might  be  ex- 
pected, greatly  increased  above  normal  in  the  plethoric  stage  and 
decreased  below  normal  in  the  anemic  stage  (Tables  I  to  IV).  With 
the  exception  of  one  animal  (No.  5),  which  died  from  the  induced 
plethora,  the  plasma  volume  showed  surprisingly  few  changes,  e'ther 
in  anemia  or  plethora.  The  changes  in  red  cell  volume  were  chiefly 
responsible  for  the  variations  in  total  blood  volume,  so  that  the  ple- 
thora might  properly  be  termed  "acythemic  plethora." 

It  is  interesting  to  note,  in  agreement  with  Bock's  and  Denny's 
findings,  that  in  the  extreme  anemia  obtained  in  Dog  6,  the  total 
red  cell  volume  was  estimated,  once  at  55  cc.  and  5  days  later  at 
37  cc,  while  the  plasma  volume  remained  practically  nonnal.  The 
total  blood  volume  dropped  from  a  normal  of  980  cc.  to  a  minimum 
of  512  cc.  The  anemia  in  Dog  7  was  manifested  by  a  change  from 
the  normal  blood  volume  of  1,000  cc.  to  794  cc.  The  plasma  volume 
in  this  dog  during  the  anemic  period  was  identical  with  the  normal, 
with  a  diminished  red  cell  volume. 
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With  extreme  plethora  (No.  5)  there  was  a  marked  diminution  in 
plasma  volume,  together  with  an  increased  red  cell  volume.  This 
diminution  of  plasma  volume  is  present  to  a  slight  extent  in  all  cases 
of  extreme  plethora  during  the  early  stages  of  transfusions.  There 
is  then  manifested  a  tendency  for  the  plasma  volume  to  return  to 
the  original  level. 

Urobilin  Excretion. 

The  amount  of  urobilinogen  and  urobilin  in  the  urine  and  stools 
is  now  generally  recognized  to  be  a  fairly  accurate  index  of  the  degree 
of  blood  destruction  in  the  body  (Wilbur  and  Addis  (11)  and  Rob- 
ertson (16)).  As  the  experimental  animals  were  on  a  constant  diet 
throughout  the  experiments,  Whipple's  (17)  demonstration  that 
bile  pigment  elimination  can  be  greatly  changed  by  modification 
of  diet  does  not  apply  to  these  experiments. 

Urobilin  was  found  to  be  present  in  the  urine  in  small  amounts  only 
during  periods  of  marked  blood  destruction.  Urobilin  determinations 
were  made  on  the  feces  of  three  dogs  (Nos.  4,  6.  and  7),  the  first  two  of 
these  having  received  equal  amounts  of  blood  from  the  same  donors. 
Dog  4  reached  a  maximum  urobilin  excretion  of  8,000  units  at  the 
same  time  that  the  plethora  reached  its  maximum.  At  this  point 
transfusions  were  stopped,  and  both  blood  count  and  urobilin  ex- 
cretion returned  gradually  to  normal.  Dog  6  showed  a  maximum 
output  of  14,400  units  at  the  height  of  the  "plethoric  anemia."  This 
high  urobilin  output  continued  for  about  4  weeks.  Wlien  transfusions 
ended,  and  the  dog's  hemoglobin  began  to  rise,  accompanied  by  a 
simultaneous  reticulosis,  the  urobilin  excretion  was  greatly  diminished. 
Dog  7  also  showed  a  greatly  increased  urobilin  elimination  but  press 
of  work  did  not  permit  many  determinations  at  this  time.  (Tables 
I  to  III.) 

Blood  Counts. 

Hemoglobin  and  erythrocyte  determinations  have  already  been 
considered.'  Leucocytes,  estimated  during  tlie  course  of  the  experi- 
ments, were  considerably  increased,  chiefly  due  to  an  increase  of 
polymorphonuclear  leucocytes;  but  changes  were  so  inconstant  and 
unexplainablc  that  they  will  not  be  further  considered.    Fragility 
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tests  made  on  several  animals  during  the  course  of  the  experiments 
showed  an  increase  in  both  the  maximum  and  minimum  resistance, 
both  during  the  plethoric  and  anemic  stages,  but  these  were  not 


TABLE  I. 

Blood  Changes  in  Experimental  Plethora  and   "Plethoric  Anemia.' 

Dog  6. 


Length  of  time 

after  first 

transfusion. 

Hemo- 
globin. 

Red 
blood 
cells. 

Plasma 
volume. 

Red  ceU 
volume. 

Total 
blood 
volume. 

Urobilin 
units. 

Remarks. 

days 

per  cent 

millions 

cc. 

cc. 

cc. 

(Normal.) 

87 

545 

435 

980 

400 

Mar.  9,  1920.    Transfusions 
begun. 

5 

116 

580 

640 

1,220 

600 

8 

128 

645 

925 

1,570 

14 

135 

515 

1,095 

1,610 

1,920 

Splenectomized. 

21 

140 

445 

865 

1,310 

23 

140 

427 

905 

1,332 

35 

120 

512 

798 

1,310 

37 

123 

475 

775 

1,250 

40 

133 

520 

780 

1,300 

45 

87 

4.6 

583 

373 

956 

2,400 

49 

50 

3.5 

590 

175 

765 

51 

53 

2.5 

560 

115 

675 

11,200 

53 

26 

1.8 

607 

54 

661 

57 

27 

1.2 

640 

70 

710 

63 

13 

0.65 

580 

55 

635 

14,400 

68 

26 

1.39 

475 

37 

512 

13,000 

Injections  ended. 

77 

17 

1.71 

11,300 

78 

25 

1.55 

95 

39 

1.97 

437 

110 

547 

102 

39 

2.6 

3,120 

112 

57 

2.88 

535 

230 

765 

122 

52 

3.1 

550 

194 

744 

• 

127 

59 

3.8 

568 

210 

778 

640 

158 

64 

3.68 

568 

190 

758 

166 

69 

578 

272 

850 

171 

87 

510 

300 

810 

215 

82 

5.6 

5,965  cc.  of  blood  transfused  in  60  injections;  average  99  cc.  per  transfusion. 

sufficiently  striking  or  constant  to  be  given  in  detail.  Except  for 
the  slight  increase  in  resistance  of  the  slightly  anemic  donor's  cells, 
it  is  difficult  to  see  why  such  a  change  in  the  fragility  of  the  blood  of 
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the  experimental  animals  should  have  taken  place  during  plethora. 
A  possible  explanation  would  be  that  with  the  increased  need  for 


TABLE  n. 

Blood  Changes  in  Experimental  Plethora. 
Dog  4. 


Length  of  time 

alter  6rst 

traosfusion. 

Hemo- 
globin. 

Red 
blood 
cclk 

Plum> 
volume. 

Red  cell 
volume. 

Total 

blood 

volume. 

Uroblli 
units. 

RemArki. 

Ui, 

ptrctnl 

miUwu 

«. 

cc. 

a. 

(Normal.) 

IDS 

580 

448 

1,028 

300 

Mar.  9,  1920.    Transfusions 
begun. 

7 

111 

540 

880 

1,420 

1,200 

14 

141 

1,500 

20 

146 

508 

966 

1,474 

22 

153 

465 

825 

1,290 

3i 

140 

460 

860 

1,320 

42 

153 

378 

806 

1,184 

44 

160 

380 

810 

1,190 

2,340 

46 

156 

525 

805 

1,330 

49 

144 

562 

1,000 

1,562 

51 

156 

10.9 

4,400 

53 

140 

535 

995 

1,530 

57 

144 

11.8 

1,800 

63 

156 

12.8 

440 

935 

1,375 

5,400 

72 

168 

12.7 

342 

928 

1,270 

1,870 

77 

174 

3,230 

78 

174 

12.7 

Injections  ended. 

80 

181 

13.8 

8,000 

100 

108 

12.8 

515 

515 

1,030 

104 

93 

7.4 

2,400 

110 

88 

7.0 

565 

425 

990 

122 

88 

537 

253 

790 

127     • 

81 

6.6 

515 

302 

817 

132 

98 

7.4 

2,160 

158 

105 

6.6 

592 

468 

1,060 

163 

110 

720 

Killed. 

6,150  cc.  of  blood  transfused  in  59  injections;  average  104  cc.  per  transfusion. 

blood  destruction,  the  more  fragile  cells  from  each  transfusion  were 
soon  destroyed,  leaving  the  average  of  those  remaining  higher  than 
normal. 
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TABLE  m. 
Blood  Changes  in  Experimental  Plethora  and  "Plethoric  Anemia." 

Dog7. 


Length  of  time 

after  first 
transfusion. 

Hemo- 
globin. 

Red 
blood 
cells. 

Plasma 
volume. 

Red  cell 
volume. 

Total 
blood 
volume. 

Urobilin 
units. 

Remarks. 

days 

percent 

millions 

cc. 

cc. 

cc. 

(Normal.) 

105 

6.84 

550 

450 

1,000 

400 

May  17, 1920.   Transfusions 
begun. 

5 

121 

7.9 

612 

638 

1,250 

9 

9.1 

900 

24 

168 

12.4 

460 

1,840 

2,300 

Splenectomized. 

30 

167 

12.4 

392 

1,298 

1,690 

39 

146 

10.7 

342 

948 

1,290 

44 

176 

432 

1,168 

1,600 

51 

176 

11.6 

545 

1,475 

2,020 

58 

117 

7.4 

460 

500 

960 

65 

85 

5.8 

560 

300 

860 

71 

74 

5.1 

555 

239 

794 

80 

98 

527 

448 

975 

87 

138 

7.5 

510 

622 

1,132 

95 

195 

512 

1,088 

1,600 

4,000 

100 

155 

440 

935 

1,375 

KiUed. 

10,450  cc.  of  blood  transfused  in  88  injections;  average  118  cc.  per  transfusion. 


TABLE  rV. 

Blood  Changes  in  Fatal  Experimental  Plethora. 
Dog  5. 


Length  of  time 

after  first 

transfusion. 

Hemo- 
globin. 

Red 

blood 
cells. 

Plasma 
volume. 

Red  cell 
volume. 

Total  blood 
volume. 

Remarks. 

days 

per  cent 

millions 

cc. 

cc. 

cc. 

(Normal.) 

98 

7.16 

364 

411 

775 

May     25,     1920.    Transfusions 
begun. 

1 

102 

8.12 

2 

112 

4 

138 

9.16 

8 

172 

11.2 

12 

200 

12.8 

18 

180 

14.4 

325 

1,295 

1,620 

24 

172 

15.2 

30 

172 

174 

792 

966(?) 

40 

220 

15.5 

212 

1,418 

1,630 

Death  4  days  later. 

5,000  cc.  of  blood  transfused  in  39  injections;  average  133  cc.  per  transfusion. 
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n. 

Metabolism  Studies. 

Although  early  in  our  work  wc  devoted  our  attention  solely  to 
urobilin  excretion,  it  later  seemed  advisable  to  study  the  influence  of 
the  artificial  plethora  and  its  consequent  anemia  on  the  nitrogenous 
metabolism,  in  the  presence  of  daily  parenteral  introduction  of  large 
amounts  of  isoprotein. 

The  dogs  used  for  each  experiment  were  placed  in  metabolism 
cages,  on  a  constant  diet  of  raw  beef  heart,  cracker  meal,  sugar, 
lard,  bone  ash,  and  sodium  chloride,  that  had  a  known,  sufficient 
caloric  value.  Water  was  given  ad  libitum.  After  1  or  2  weeks  on 
this  special  diet,  if  the  weight  of  the  animal  remained  constant, 
a  preliminary  metabolism  study  was  made;  Dogs  4  and  6  were 
first  studied  metabolically  after  the  transfusion  experiments  were 
well  in  progress.  The  constant  diet  was  continued  between  periods 
of  metabolism  study,  so  that  although  the  introduced  nitrogen  was 
not  actually  determined,  changes  in  elimination  can  reasonably  be 
attributed  to  the  transfused  blood.  Each  dog  was  catheterized  at 
the  end  of  24  hours,  with  the  exception  of  one  male  (No.  6)  chosen 
before  the  metabolic  studies  were  contemplated.  Although  this 
renders  the  24  hour  periods  less  precise  than  those  of  the  females, 
the  length  of  the  series  studied  prevents  gross  error  in  this  particular 
experiment,  if  averages  of  several  days  are  considered.  None  of  the 
animals  showed  loss  of  weight  or  other  ill  effects  during  the  period 
of  metabolic  study,  except  one  (No.  5)  which  on  account  of  anorexia 
and  diarrhea  could  not  be  included  in  this  study. 

In  the  analysis  of  the  urine,  the  total  nitrogen  was  determined  by 
the  Kjeldahl-Gunning  method,  urea  by  Folin's  aeration  method, 
ammonia  by  the  procedure  of  Van  Slyke  and  Cullen,  creatinine  and 
creatine  by  Folin's  method,  uric  acid  by  the  Hotchkiss-Benedict 
modification,  and  total  phosphates  by  the  uranium  acetate  method. 

Forster  (18,  19)  demonstrated  many  years  ago  that  whole  dog  blood  transfused 
into  a  dog  in  moderate  amounts  had  a  marked  stability,  since  he  failed  to  obtain 
an  appreciable  rise  in  the  nitrogen  output.  On  the  other  hand,  foreign  serum 
injected  in  the  same  manner  is  destroyed  more  as  though  given  per  os.  Tschiricw 
(20),  confirming  the  experiments  of  Forster,  found  that  dog  blood  introduced  by 
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mouth  is  completely  metabolized  in  contrast  to  an  equal  amount  of  "living" 
dog  blood,  which  may  be  given  intravenously  with  little  or  no  increase  in  nitrogen 
excretion.  From  these  experiments,  we  must  conclude  that  transfused  blood 
protein  is  not  immediately  destroyed  and  that  its  protein  is  utilized  when  given 
as  a  food. 

The  nitrogenous  metabolism  of  Dog  7  is  presented  (Table  V)  as  an 
example  of  the  changes  that  occur  before  and  during  the  plethoric 
and  anemic  stages.  Although  the  nitrogen  intake  in  food  and  blood 
transfusions  was  not  determined,  the  results  of  nitrogen  output  are 

TABLE   V. 
Nitrogen  Metabolism  in  Experimental  Plethora. 


Urine  per  day. 

Feco 
per day. 

Length  of  time  after  first  transfusion. 

I 

ft 

2i 

1 

i 
1 

rt 

s 

^y 
5 

N 

*<■ 

9.19 
9.13 
9.37 
9.50 

cc. 
555 
635 
585 
740 

1,014 
1,013 
1,015 
1,011 

4.31 

4.28 
4.89 
5.28 

im. 

0.30 
0.26 
0.30 
0.32 

im. 

3.33 
3.34 
3.80 
4.31 

mt. 

328 
262 
291 
314 

mt. 
181 

233 
208 
121 

mt. 

309 
189 
255 
273 

tut. 

59 
54 
63 
69 

tm. 
0  65 

3rd  and  4th  days  (2  day  period).. . 
8th   to   13th  day  (6  day  period)... 
24th"    29th   "    (6    "       "     )... 

0.62 
0.46 

Splenectomized  on  30th  day. 


31st  to  35th  day  (5  day  period 
47th"    51st   "    (5    "        " 
58th  "    63rd    "    (6    " 
66th  "  70th   "    (S    "        " 
73rd "  81st    "    (9   " 


9.14 
9.26 
9.10 
9.03 
9.27 


592 
538 
478 
400 
502 


1,016 
1,013 
1,018 
1,017 
1,014 


6.98 
7.08 
7.31 
6.07 
6.33 


0.31 
0.30 
0.31 
0.31 
0.28 


5.82 
6.07 
6.28 
5.11 
5.17 


338 
307 
279 
251 
299 


172 
225 


377 
302 


143  352 
117  282 
143)299 


0.50 
0.40 


so  striking  that  certain  conclusions  can,  nevertheless,  be  drawn.  In 
Dog  7  during  the  first  10  days  of  the  experiments,  1,200  cc.  of  blood 
were  transfused,  representing  roughly  36  gm.  of  nitrogen.  The  ni- 
trogen output  in  urine  and  feces  for  this  period  was  practically  nor- 
mal, indicating  that  the  nitrogen  in  excess  of  that  accounted  for  by 
the  plethoric  vascular  system  was  being  stored  by  the  body.  With 
continued  transfusions,  the  nitrogen  output  rose,  but  never  com- 
mensurately  with  the  amount  injected.  With  the  onset  of  anemia, 
the  nitrogen  excretion  rose  to  its  highest  point;  but  during  the  course 
of  the  anemia,  there  was  no  such  marked  nitrogenous  excretion. 
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Dog  4  was  first  studied  metabolically  while  the  hemoglobin  was 
returning  to  normal  after  transfusions  had  been  stopped.  The  first 
period,  during  plethora,  showed  a  high  nitrogen  output;  when  a 
decrease  in  blood  volume  had  occurred,  the  nitrogen  excretion  was 
practically  normal  as  judged  by  the  food  intake. 

In  Dog  6  metabolism  studies  were  first  done  while  transfusions 
were  being  made,  during  the  period  of  anemia.  A  relatively  high 
nitrogen  output  was  found,  which  decreased  to  about  normal  soon 
after  the  transfusions  were  stopped.  During  the  period  of  recovery, 
there  was  a  much  lower  excretion  of  nitrogen,  which  appears  to  be 
lower  than  normal.  It  is  problematic  at  what  stage  the  excess  ni- 
trogen of  transfused  blood  is  excreted,  since  there  is  apparently  no 
indication  from  these  analyses  that  excess,  or  even  equal  amounts  of 
nitrogen  are  excreted  at  any  time  except  previous  to  sudden  develop- 
ment of  anemia.  Albumin  was  occasionally  present  in  the  urine 
during  extreme  plethora  and  at  the  beginning  of  anemia,  but  never 
in  quantities  that  would  account  for  the  nitrogen  introduced. 

The  creatinine,  creatine,  and  phosphate  studies  give  no  noteworthy 
information  about  the  processes  concerned  in  blood  destruction. 
The  urea  excretions  paralleled  the  total  nitrogen,  but  the  ammonia 
excretion  was  apparently  not  affected.  The  feces  nitrogen  was  rela- 
tively constant.  It  was  thought  that  the  cell  destruction  would  be 
so  great  that  a  study  of  uric  acid  metabolism  might  be  of  interest, 
even  though  allantoin  determinations  were  not  made.  The  result, 
however,  showed  no  constant  or  marked  changes. 

In  the  urine  of  all  animals  made  extremely  plethoric,  bile  and 
albumin  could  be  detected  in  appreciable  amounts.  This  was  also 
noted  during  the  period  of  anemia. 

m. 

Postmortem  Findings. 

By  far  the  most  striking  change  in  the  organs  of  our  plethoric  animals 
is  the  tremendous  deposition  of  hemosiderin  in  the  spleen,  liver, 
lymph  nodes,  and  bone  marrow.  Its  almost  complete  absence  from 
other  organs  is  strong  evidence  of  the  important  part  that  these  or- 
gans play  in  the  storage  and  elimination  of  the  products  of  increased 
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blood  destruction.  Its  absence  from  the  kidney  accords  with  the 
absence  of  hematuria  or  hemoglobinuria,  though  differing  from  various 
experimental  and  clinical  conditions  in  which  pigment  deposition 
has  been  marked  in  this  organ. 

In  animals  killed  or  dying  while  transfusions  were  being  continued, 
there  is  also,  as  would  be  expected,  extreme  congestion  of  blood 
vessels  throughout  the  body.  This  is  so  marked  in  the  viscera  that 
details  of  structure  often  are  obscured,  so  that  it  is  usually  impossible, 
for  instance,  to  determine  whether  given  groups  of  cells  are  packed 
into  phagocytes  or  into  small  vessels.  It  is  safe  to  say,  however, 
that  pigment  phagocytosis  either  entirely  replaces  or  at  least  is  far 
greater  than  erythrocyte  phagocytosis  in  the  several  organs  of  the 
hemopoietic  system.  The  engulfing  of  whole  erythrocytes  by  the 
phagocytes  of  the  hemopoietic  system  probably  only  occurs  in  acute 
cases  of  greatly  increased  blood  destruction  and  then  only  for  a  short 
time.  In  the  extreme  type  of  blood  destruction  that  follows  the 
administration  of  hemolytic  serum,  for  instance,  Pearce  and  Austin 
(21)  only  found  erythrocytes  within  the  phagocytes  for  a  few  days 
in  dogs,  and  Karsner,  Amiral,  and  Bock  (22)  found  in  splenectomized 
cats  that  this  phase  was  practically  complete  after  48  hours.  Voegt- 
lin,  Hooper,  and  Johnson  (23)  have  also  observed  it  in  acute  T.  N.  T. 
poisoning  of  dogs,  but  here  marked  fragmentation  of  the  circulating 
erythrocytes  and  in  the  perfusates  of  spleen,  liver,  and  bone  marrow 
was  also  found. 

In  the  spleen  and  lymph  nodes  of  our  animals,  minute  granules  of 
hemosiderin  are  here  and  there  found  in  large  numbers  free  in  the 
pulp  and  sinuses,  and  even  within  the  blood  vessels.  These  observa- 
tions tend  indirectly  to  support  Rous  and  Robertson's  (24)  view  that 
erythrocytes  are  chiefly  destroyed  by  fragmentation  into  hemoglobin- 
containing  dust,  which  is  then  removed  from  the  circulation  by  the 
phagocytes  of  several  organs. 

The  sinuses  of  the  spleen  and  lymph  nodes  are  chiefly  filled  by 
myriads  of  endothelial  phagocytes  containing  hemosiderin  granules 
of  varying  size.  They  are  also  numerous  in  the  splenic  pulp  and 
even  scattered  through  the  lymphoid  tissue  of  the  lymph  nodes. 
In  smaller  amount  hemosiderin-bearing  phagocytes  persist  in  animals 
that  have  not  been  transfused  for  many  weeks  whose  blood  picture 
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has  returned  to  normal.  Hemosiderin  also  is  found  extracellularly 
in  large  clumps,  apparently  from  fusion  of  pigment  from  phagocytes. 

In  the  liver,  hemosiderin-containing  cells  are  also  prominent;  from 
their  position  between  the  strands  of  liver  cells  many  are  apparently 
Kupflfer  cells,  but  others  occurring  in  Glisson's  capsule  and  in  the  por- 
tal vessels  are  obviously  the  usual  endothelial  phagocyte.  Thrombosis 
of  bile  ducts  and  proliferation  of  bile  capillaries  and  fibrous  tissue 
are  also  found.  The  strands  of  liver  cells  are  so  compressed  by  the  con- 
gested capillaries  that  in  many  places  they  remain  atrophied  after 
normal  conditions  have  been  restored.  A  similar  condition  is  found 
in  some  lymph  nodes,  where  the  greatly  distended  sinuses  practically 
fill  the  node  so  that  there  is  very  little  lymphoid  tissue  remaining. 
Grossly,  lymph  nodes  appear  enlarged,  reddened  or  reddish  brown, 
with  a  purplish  center.  Histologically,  many  of  these  changes  are 
seen  to  be  due  to  great  congestion  of  the  blood  vessels  with  accumu- 
lation of  the  above  mentioned  phagocytes.  In  other  instances,  how- 
ever, erythrocytes  are  found,  sometimes  in  great  quantities  both  in 
the  central  and  peripheral  sinuses,  mingled  with  the  usual  content  of 
endothelial,  lymphoid,  and  plasma  cells.  No  evidences  of  hemor- 
rhage are  to  be  found,  so  that  the  appearance  of  a  hemolymph  node 
is  strongly  suggested.  In  the  absence  of  special  injections,  this 
point  cannot  be  definitely  settled,  but  the  impression  remains  strong 
that  under  the  need  for  greatly  increased  blood  destruction,  structures 
resembling  hemolymph  nodes  are  developed. 

The  bone  marrow  exhibits  not  only  the  same  pigment  deposition, 
but  also  considerable  cell  hyperplasia.  This  was  not  found  by  Itami 
in  plethoric  animals  and  certainly  the  blood  picture  during  life  points 
to  lessened  erythropoiesis.  In  Boycott  and  Douglas'  animals,  on  the 
other  hand,  Price- Jones  found  a  definite  cellular  increase,  though  not 
necessarily  of  cells  concerned  in  blood  formation.  If  this  increase 
were  only  of  the  leucocytic  series  it  might  be  correlated  with  the  leu- 
cocytosis  constantly  found;  but  erythroblasls  and  unidentified  cells 
were  also  increased  in  number.  The  only  observations  we  can  offer 
in  explanation  are  the  lack  of  specificity  of  bone  marrow  response, 
to  which  attention  has  been  called  elsewhere,  and  the  impossibility  of 
determining  in  a  cellular  bone  marrow  just  which  cells  are  concerned 
with  blood  cell  formation  and  which  with  blood  destruction.    Cer- 
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tainly  the  accumulation  of  hemosiderin,  both  intra-  and  extraceUular, 
and  the  prominence  of  multinuclear  giant  cells  in  the  bone  marrows 
of  recovered  animals  point  to  the  importance  of  the  bone  marrow  as 
an  active  agent  in  increased  blood  destruction.  In  the  recovered  bone 
marrow,  not  only  were  multinuclear  giant  cells  unusually  numerous, 
but  so  called  mature  elements  (polymorphonuclears  and  normoblasts) 
were  considerably  more  prominent  than  in  animals  killed  during 
transfusion. 

In  the  other  organs  examined  no  notew^orthy  lesions  were  found. 

In  the  three  splenectomized  dogs  (Nos.  1,3,  and  7)  the  same  changes 
were  found  in  the  remaining  hemopoietic  organs,  but  they  were  more 
marked.  In  fact,  the  greater  pigment  content  of  these  organs,  coupled 
with  the  greater  urobilin  excretion,  suggests  from  another  point  of 
view  Asher's  (25)  unconfirmed  contention  that  the  anemia  of  splenec- 
tomy is  due  to  a  failure  to  reutilize  the  products  of  destroyed  erythro- 
cytes. The  relatively  greater  bone  marrow  hyperplasia  in  these 
animals  has  been  described  elsewhere  (26)  as  occurring  after  splen- 
ectomy. It  should  be  noted  again,  however,  that  this  is  not  necessarily 
either  wholly  or  in  part  a  sign  of  increased  hemopoiesis.  In  the 
only  dog  actually  killed  by  transfusions,  the  signs  of  blood  destruction 
were  no  greater,  but  congestion  of  all  organs  was  most  extreme.  In 
fact,  in  the  lungs,  spleen,  and  lymph  nodes,  large  areas  of  packed  eryth- 
rocytes gave  a  picture  indistinguishable  from  hemorrhage.  It  was 
not  possible,  however,  to  establish  conclusively  the  inmiediate  cause 
of  death  in  this  animal. 

In  the  rabbits  of  this  series,  the  outstanding  feature  was  the  wide- 
spread evidence  of  agglutination  and  thrombosis.  Not  only  is  the 
sudden  death  apparently  to  be  explained  by  the  extensive  intravascu- 
lar agglutination  of  blood  cells  and  pigment,  but  also  evidences  of 
former  thrombi  are  to  be  found  within  the  blood  vessels  and  in  the  focal 
necroses  and  fibroses  of  liver  and  spleen.  The  frequency  of  these 
agglutination  thrombi,  as  well  as  the  general  frailty  of  the  rabbit, 
militates  strongly  against  its  usefulness  in  this  kind  of  work  if  experi- 
ments are  to  be  continued  over  a  long  period.  The  same  deposition 
of  blood  pigment  in  the  various  organs  was  found  as  in  the  dog,  with 
one  exception.  In  the  rabbit,  as  in  human  hemochromatosis,  the 
blood  pigment  is  found  in  two  forms:  the  iron-reacting  granules  of 
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hemosiderin,  and  minute  semiopaque  spicules  that  fail  to  react  to 
the  usual  iron  tests  (probably  hemofuscin).  This  latter  pigment  is 
especially  prominent  in  the  protoplasm  of  the  liver  cells  (which  in 
dogs  were  never  found  to  contain  hemosiderin),  but  is  also  found  in 
large  amounts  in  tlie  various  sites  already  mentioned. 

DISCUSSION. 

The  relationship  of  artificial  plethora  to  bone  marrow  activity  as 
indicated  by  the  percentage  of  reticulocytes,  emphasized  in  the  case  of 
rabbits  by  Robertson  (3),  has  been  confirmed  in  these  experiments 
l)oth  with  dogs  and  rabbits.  We  have  found  that  with  the  develop- 
ment of  plethora  the  reticulocytes  in  the  blood  decreased,  and  that 
after  anemia  developed  a  reticulosis  was  manifest  in  every  case.  Dur- 
ing recovery  from  the  experimental  anemia  the  reticulocytes  were 
present  in  greatest  numbers.  This  would  indicate  that  while  "living 
blood"  was  being  supplied  in  excess  from  outside,  the  normal  factory 
for  erythrocytes  suspended  operation;  the  slow  resumption  of  activ- 
ity when  erythrocytes  were  needed  during  the  period  of  anemia 
(about  1  to  2  weeks)  points  either  to  Itami's  inactivity  atrophy,  or 
to  a  bone  marrow-inhibiting  influence  that  required  considerable 
time  for  removal. 

The  urobilin  excretion,  which  under  the  constant  conditions  of 
these  experiments  can  be  taken  as  a  reliable  index  of  blood  destruc- 
tion, began  to  rise  in  the  feces  soon  after  transfusions  were  begun.  It 
was  greater  during  the  "plethoric  anemia"  than  in  extreme  plethora, 
but  quickly  lessened  after  transfusion  was  stopped.  Although  uro- 
bilin could  not  be  detected  in  the  urine  during  the  early  stages  of 
plethora,  it  appeared  there  simultaneously  with  the  occurrence  of 
extreme  blood  destruction.  This  accords  with  the  findings  of  other 
investigators  that  fecal  urobilin  may  be  greatly  increased  before  it 
appears  in  the  urine. 

Details  of  the  manner  in  which  blood  is  normally  destroyed  in  the 
body  are  still  open  to  question.  It  was  hoped  that  the  addition  of 
large  quantities  of  blood  and  the  subsequent  destruction  of  this  excess 
blood  would  disclose  the  underlying  mechanism  of  blood  destruction. 
Phagocytosis  has  been  considered  as  a  possible  means  of  blood  destruc- 
tion, and  the  importance  of  endothelial  cells  in  the  spleen  and  the 
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Kupffer  cells  of  the  liver  has  been  pointed  out  by  Pearce  and  Austin 
(21).  Rous  and  Robertson  (24)  found  an  appreciable  phagocytosis 
in  dogs,  but  believe  this  would  not  suflfice  for  normal  blood  destruc- 
tion. It  is  unquestionable,  however,  that  greatly  increased  phago- 
cytosis of  blood  pigment  occurs  in  artificial  plethora,  as  it 
does  in  many  forms  of  increased  blood  destruction.  The  fragmenta- 
tion of  erythrocytes,  which  they  consider  an  important  factor  in  the 
destruction  of  blood,  was  not  observed  by  us  in  the  circulation  in 
amounts  greater  than  that  seen  under  normal  conditions.  It  is, 
of  course,  possible  that  as  we  did  not  enter  into  the  special  procedures 
that  they  undertook,  this  may  have  played  a  greater  part  than  we 
appreciate.  The  relation  of  the  postmortem  findings  to  this  topic 
has  already  been  discussed. 

It  is  well  known  that  parenteral  introduction  of  certain  foreign 
substances  will  cause  the  formation  of  antitoxins,  agglutinins,  and 
hemolysins,  and  that  antibodies  may  sometimes  be  formed  after  in- 
jection of  protein  from  the  same  species.  It  is  quite  obvious  that 
the  first  of  these  factors,  namely  antitoxins,  may  be  eliminated  in 
these  experiments.  As  previously  mentioned,  Robertson  (3)  and 
Kambe  and  Komiya  (4)  have  shown  the  presence  of  antibodies 
capable  of  destroying  erythrocytes,  even  of  the  same  species,  in  large 
numbers  during  plethora  in  rabbits;  and  isohemolysins  and  isoagglu- 
tinins  have  been  produced  in  cats  after  compatible  transfusions  (5). 

In  a  further  attempt  to  explain  the  mechanism  of  this  "plethoric 
anemia"  by  the  production  of  agglutinins  or  hemolysins,  ten  rabbits 
were  transfused  by  us  with  5  to  20  cc.  of  compatible  rabbit  blood  daily, 
according  to  the  method  previously  described.  Their  blood  changes 
corresponded  in  the  main  with  those  we  have  reported  in  dogs,  but  at 
no  time  were  we  able  to  demonstrate  the  presence  of  isoagglutinins 
or  isohemolysins.  Thinking  that  in  our  previous  study  on  dogs,  anti- 
bodies might  have  developed,  but  been  absorbed  by  the  daily  repeated 
injections,  we  discontinued  transfusions  on  the  anemic  rabbits  for  vary- 
ing lengths  of  time  before  the  antibody  tests  were  made .  Carefully  con- 
trolled quantitative  tests,  with  the  complement  fixation  method,  still 
continued  negative.  We  are  therefore  unable  to  aid  in  the  solution 
of  this  phase  of  the  problem,  and  have  no  explanation  as  to  why,  like 
Boycott  and  Douglas  and  other  observers,  we  were  unable  to  demon- 
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strate  either  agglutinins  or  hemolysins  while  blood  was  obviously 
being  destroyed  in  greatly  increased  quantities  and  in  spite  of  the 
fact  that  in  the  rabbits  agglutinative  thrombi  were  found  at  autopsy. 
Faulty  technique,  the  most  obvious  explanation,  we  endeavored  to 
guard  against  most  carefully.  The  ability  of  transfused  rabbits  to 
survive  was  extremely  slight  for  reasons  already  discussed  under 
the  section  on  pathological  anatomy. 

In  regard  to  the  effect  of  splenectomy  on  plethora,  and  on  the  con- 
sequent anemia,  one  cannot  but  be  impressed  by  the  more  constant 
and  striking  anemia  of  the  dogs  splenectomized  during  the  course  of 
the  transfusions  (Nos.  6  and  7)  than  of  those  that  were  not  splenec- 
tomized (Nos.  4  and  5).  In  view  of  Hektoen's  demonstration  (27, 
28)  that  under  certain  conditions  antibody  formation  is  lowered  after 
splenectomy,  and  of  our  inability  to  demonstrate  antibodies  at  any 
time,  this  anemia  of  splenectomized  dogs  can  hardly  be  based  on 
such  grounds;  but  we  feel  confident  that  some  relationship  exists 
between  the  loss  of  the  spleen  and  the  marked  anemia  that  developed. 
It  is  also  of  interest  that  "plethoric  anemia"  is  harder  to  produce  in 
dogs  than  in  rabbits,  animals  whose  spleens  are  relatively  much 
smaller  (0.05  per  cent  of  body  weight  as  against  0.25  per  cent  of 
dogs). 

The  two  chief  points  of  interest  in  the  blood  volume  studies  are: 
(1)  the  confirmation  of  previous  findings  as  to  the  constancy  of  the 
plasma  volume  under  widely  varying  conditions,  and  (2)  the  remark- 
able adaptability  of  the  organism  in  accommodating  itself  to  rapid 
increases  in  total  blood  volume  reaching  as  high  as  250  per  cent  of 
the  normal. 

The  metabolism  studies  have  pointed  out  a  marked  retention  of 
nitrogen  by  the  organism  for  a  long  period  of  time.  We  are  not  able 
to  learn  from  these  experiments  how  and  when  this  excess  nitrogen 
is  eliminated  from  the  body.  This  retention  and  the  failure  of  the 
hemoglobin  to  rise  appreciably  during  the  first  10  days  of  transfusions 
with  a  corresponding  lack  of  increased  nitrogen  elimination  would 
seem  to  indicate  the  existence  of  a  mechanism  for  the  storage  of  con- 
siderable excess  blood  and  its  decomposition  products. 

The  possibility  of  finding  a  true  plethora  followed  by  anemia  in  clinical  medicine 
is  illustrated  by  a  recent  report  by  Freund  (29)  of  a  case  studied  in  Krehl's  clinic. 
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After  incurring  syphilis  and  other  infectious  diseases,  the  patient  developed  a 
typical  Vaquez  polycythemia  of  135  per  cent  hemoglobin,  and  blood  count  of 
9,200,000  red  cells.  Several  months  later  the  blood  picture  gradually  changed 
to  that  of  pernicious  anemia,  with  megaloblasts,  stippled  red  cells,  normoblasts, 
and  urobilinuria.  This  condition  was  next  followed  by  exhaustion  of  the  hemo- 
poietic system  with  absence  of  nucleated  red  cells,  myelocytes,  and  platelets,  a 
steadily  falling  hemoglobin,  and  finally  death  from  aplastic  anemia. 

SUMMARY  AND  CONCLUSIONS. 

1.  The  effects  of  repeated  transfusions  of  blood  on  the  blood-de- 
stroying and  blood-fomiing  apparatus  of  normal  and  splenectomized 
dogs  and  rabbits  have  been  described.  An  anemia  which  developed 
despite  continued  blood  transfusions  in  two  dogs  splenectomized 
during  plethora  has  also  been  studied. 

2.  The  decrease  or  absence  of  reticulocytes  from  the  blood 
stream  during  plethora  and  their  increase  during  "plethoric  anemia" 
are  evidently  due  to  depression  and  activation  of  bone  marrow 
activity.  The  response  of  the  bone  marrow  is  not  immediate  upon 
the  onset  of  anemia,  but  is  delayed  for  several  days. 

3.  The  blood  volume  studies  have  served  to  emphasize  the  con- 
stancy of  plasma  volume  under  extreme  experimental  conditions, 
and  the  adaptability  of  the  circulatory  system  to  large  increases  in 
total  blood  volume. 

4.  Blood  destruction  and  elimination,  as  measured  by  urobilin 
excretion,  are  greatly  increased  during  the  stage  of  plethora,  but  still 
more  so  during  "plethoric  anemia." 

5.  Despite  intravenous  introductions  of  large  quantities  of  nitro- 
gen in  the  form  of  whole  blood,  the  total  nitrogen,  urea,  and  ammonia 
in  the  urine  and  feces  are  not  raised  appreciably  for  some  time  after 
the  onset  of  plethora.  The  normal  organism  is  apparently  able  to 
store  large  quantities  of  blood  or  its  decomposition  products.  Upon 
the  onset  of  a  "plethoric  anemia,"  there  is  an  increase  in  urinary  total 
nitrogen  and  urea  excretion,  which  was  lowered  during  the  course 
of  the  anemia.  Albuminuria  is  also  found  at  this  time.  Other 
nitrogenous  constituents  and  phosphates  show  no  striking  changes. 

6.  Blood  pigment,  chiefly  in  the  form  of  hemosiderin,  is  deposited 
in  enormous  quantities  in  the  spleen,  liver,  lymph  nodes,  and  bone 
marrow.     It  occurs  chiefly  in  phagocytes,  though  in  late  stages  large 
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extracellular  masses  are  found.     Increased  pigment  deposition  can 
still  be  found  several  months  after  transfusions  have  been  stopped. 

7.  Phagocytes  containing  erytlirocytcs  are  found  rarely,  if  at  all, 
and  only  in  the  acute  cases,  but  their  occurrence  may  be  greatly 
masked  by  "the  coexistent  congestion. 

8.  In  splenectomized  dogs  the  tendency  to  "plethoric  anemia"  is 
much  more  apparent,  although  a  direct  connection  between  the  two 
events  is  not  established.  In  rabbits,  whose  spleens  constitute  only 
0.05  per  cent  of  body  weight,  "plethoric  anemia"  is  more  easily 
produced. 

9.  In  splenectomized  animals  pigment-bearing  phagocytes  are 
especially  prominent  in  the  liver,  although  lymph  nodes  and  bone 
marrow  apparently  share  in  the  extra  work  caused  by  the  absence  of 
the  spleen.  Lymph  nodes  with  some  of  the  characteristics  of  hemo- 
lymph  nodes  were  found  in  various  localities  in  all  animals  that  had 
been  made  plethoric. 

10.  In  rabbits  blood  pigment  is  deposited  in  the  hemopoietic  or- 
gans in  large  amounts,  but  under  the  conditions  of  our  experiments, 
the  picture  and  the  experiment  have  been  constantly  complicated  by 
early  fatal  intravascular  agglutination  and  thrombosis.  In  the 
rabbit,  as  in  human  hemochromatosis,  the  pigment  is  found  in 
two  forms:  hemosiderin  granules,  and  smaller,  dark  spicules  that 
do  not  react  to  the  usual  iron  stains  (probably  hemofuscin).  The 
latter  pigment  is  also  found  seeded  through  the  cells  of  the  liver 
parenchyma. 
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PAROXYSMAL    VENTRICULAR    TACHYCARDIA 

REPORT    OF    ONE    CASE    WITH     NORMAL    TYPE    OF    AURICULAR    MECHAN- 
ISM   AND    THREE    WITH     AURICULAR    FIBRILLATION  * 

C.    C.    WOLFERTH.    M.D.    and    THOMAS    M.    McMILLAN.    M.D. 

PHILADELPHIA 

Paroxysmal  tachycardia  of  ventricular  origin  is  one  of  the  rarest 
disturbances  of  the  cardiac  mechanism.  The  first  case  with  electro- 
cardiographic tracings  was  recorded  by  Lewis  '  in  1909.  Robinson  and 
Herrmann  *  recently  reported  four  cases  and  discussed  the  criteria  on 
which  they  consider  a  diagnosis  justifiable.  The  points  emphasized  by 
these  authors  may  be  stated  briefly  as  follows : 

1.  Electrocardiograms  are  necessary  to  differentiate  ventricular 
tachycardias  from  those  of  auricular  origin. 

2.  The  condition  is  most  clearly  shown  when  a  succession  of  auricu- 
lar complexes  can  be  made  out  occurring  independently  of  and  at  a 
slower  rate  than  the  complexes  of  ventricular  origin. 

3.  The  ventricular  complexes  are  distinctly  abnormal  in  form ;  but 
this  alone  cannot  be  taken  as  absolute  proof  that  the  impulses  are  of 
ventricular  origin,  as  changes  in  form  may  be  caused  by  disturbances 
in  intraventricular  conduction. 

4.  The  presence  of  isolated  ectopic  ventricular  beats  before  or  after 
a  paroxysm  is  regarded  as  evidence  in  favor  of  the  tachycardia  being 
of  ventricular  origin,  especially  when  the  form  of  the  complexes  of  the 
isolated  beats  is  the  same  as  the  form  of  the  paroxysm. 

Lewis '  has  pointed  out  that  in  certain  cases,  tracings  showing  the 
beginnings  of  paroxysms  are  of  great  value  in  determining  the  origin 
of  the  abnormal  beats.  He  states  that  .several  of  the  cases  published  are 
clear  instances  of  paroxysms  arising  in  the  ventricles  and  are  unmis- 
takable because  the  first  beat  of  the  paroxysm  has  the  same  relations  to 
the  preceding  normal  rhythm  as  has  a  ventricular  extrasystole. 


*  From  the  William  Pepper  Clinical  Laboratory,  University  of  Pennsylvania 
and  the  Division  of  Cardiology  of  the  Laboratory  of  the  Philadelphia  General 
Hospital. 
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Robinson  and  Herrmann,  reviewing  the  cases  previously  reported, 
accept  six  as  undoubted  instances  of  ventricular  tachycardia.  These 
are  the  two  cases  of  Lewis,^-  *  and  one  each  of  Hart,''  Butterfield  and 
Hunt,"  Vaughn '  and  Willius.*  Cohn's  case "  is  also  an  undoubted 
instance  of  the  condition.  Since  Robinson  and  Herrmann's  paper,  three 
clear  cases  have  been  published  by  Gallavardin,'"  two  by  Singer  and 
Winterberg,"  one  by  Marvin  and  White  "  and  one  by  Dieuaide  and 
Davidson."  Singer  and  Winterberg  designate  the  abnormal  mechanism 
in  one  of  their  cases  as  extrasystolic  arrhythmia  bordering  on  parox- 
ysmal tachycardia,  but  some  of  the  periods  of  rapid  rhythm,  they  state, 
persisted  for  at  least  60  successive  beats.  The  case  should,  therefore, 
be  classed  as  one  of  paroxysmal  tachycardia.  The  tracing  of  Dieuaide 
and  Davidson's  patient,  taken  five  hours  before  death,  shows  an  abrupt 
transition  during  complete  heart  block  from  a  typical  slow  ventricular 
rate  and  complexes  of  supraventricular  type  to  a  rapid  regular  rhythm 
of  ventricular  origin.  Bishop  "  has  recently  published  tracings  of  a 
case  (Case  1)  in  which  the  form  of  the  ventricular  completes  suggests 
that  the  beat  is  arising  in  a  ventricle,  but  no  other  evidence  in  favor 
of  that  view  is  offered.  A  ventricular  origin  of  the  abnormal  rhythm 
is  also  suggested  by  the  form  of  the  ventricular  complexes  in  the  trac- 
ings published  by  Barcroft,  Bock  and  Roughton  "  in  connection  with 
the  report  of  their  studies  of  respiration  and  blood  flow  during  parox- 
ysmal tachycardia. 
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In  the  cases  thus  far  reported,  four  types  of  auricular  mechanism  in 
association  with  the  tachycardia  have  been  recognized.  These  are: 
( 1 )  the  normal  type  of  auricular  action  in  which  tlie  auricles  are  beating 
independently  of  and  at  a  slower  rate  than  the  ventricles ;  (2)  retrograde 
auricular  beats  due  to  the  stimulation  of  the  auricles  from  the  ventricles ; 
(3)  auricular  flutter  and  (4)  auricular  fibrillation.  In  some  tracings, 
no  waves  due  to  auricular  activity  can  be  identified. 

The  combination  of  auricular  flutter  or  fibrillation  with  paroxysmal 
ventricular  tachycardia  is  c-xtreniely  rare  (except  when  the  latter  is 
caused  by  drugs),  only  one  case  of  each  having  been  reported,  both  by 
Gallavardin.  Dieuaide  and  Davidson  obtained  a  series  of  ectopic  ven- 
tricular beats  during  the  course  of  auricular  fibrillation  in  a  patient  a 
few  minutes  before  death.  While  the  rate  in  their  case  was  scarcely 
rapid  enough  to  be  classed  as  a  tachycardia,  it  would  appear  that  the 
mechanism  was  essentially  the  same  as  that  found  in  paroxysmal  ven- 
tricular tachycardia.  This  view  is  supported  by  the  fact  that  brief  series 
of  ectopic  ventricular  beats  of  infrequent  rate  were  also  observed  in 
Gallavardin's  case  of  auricular  fibrillation  and  paroxysmal  ventricular 
tachycardia  and  in  our  Case  2  to  be  described  later. 

REPORT    OF     CASES 

Case  1. — M.  H.,  ncgress.  2d.  a  waitress,  was  admitted  to  the  medical  division 
of  the  University  Hospital,  Jan.  22,  1913,  complaining  of  shortness  of  breath 
and  palpitation  of  the  heart.  She  slated  that  she  had  been  "short-winded"  as  long 
as  she  could  remember  but  otherwise  had  been  as  well  as  usual  until  five  days 
before  admission  when  suddenly,  while  working,  she  felt  her  heart  beat,  became 
weak,  dizzy  and  short  of  breath  and  had  a  pain  in  her  head.  She  also  had  a 
smothering  sensation  when  she  lay  flat.  These  symptoms  continued  up  to  the 
time  of  her  admission.  She  thought  her  abdomen  had  swollen  since  she  had 
become  ill. 

Prei'ious  History. — She  gave  a  history  of  having  had  measles,  mumps, 
chickenpox,  pneumonia,  bronchitis  and  typhoid  but  no  rhematism,  chorea,  ton- 
sillitis or  scarlet  fever.  There  was  nothing  of  importance  in  the  social  and 
family  history. 

Physical  Examinalioti. — The  physical  examination  on  admission  showed  slight 
cyanosis  but  no  respiratory  distress.  Vigorous  rapid  pulsations  in  the  neck 
were  noted.  The  heart  was  definitely  enlarged  with  a  transverse  measurement 
of  17  cm.  No  murmurs  were  heard.  The  cardiac  rate  was  190.  Moist  rales 
were  heard  at  the  bases  of  both  lungs.  The  liver  extended  4  cm.  below  the 
costal  margin  in  the  right  midclavicular  line  and  there  was  marked  tenderness 
over  it.     There  was  slight  pretibial  edema. 

Course. — The  rapid  heart  action  lasted  until  fourteen  hours  after  admission 
when  the  rate  dropped  to  82.  During  the  next  few  days  there  were  numerous 
extrasystoles  and  at  times  a  bigeminal  pulse.  Five  days  after  admission  there 
was  another  attack  of  tachycardia,  which  lasted  sixteen  and  one-half  hours,  and 
two  days  later  a  third  attack,  lasting  five  hours.  During  the  remainder  of  her 
stay  in  the  hospital,  a  period  of  three  weeks,  there  were  no  further  attacks  but 
extrasystoles  were  constantly  noted,  .^t  the  time  of  her  discharge,  the  felt 
quite  as  well  as  she  had  before  the  onset  of  her  illness. 

Laboratory  Exomiiialion. — Examinations  of  the  blood  and  urine  showed 
nothing  of  importance.     The  Wassermann  reaction  was  negative. 


Electrocardiograms  were  made  by  Dr.  Thomas  Cope  both  during  the  periods 
of  tachycardia  and  in  the  intervals.  A  tracing  made  during  a  period  of  tachy- 
cardia (Fig.  1)  shows  ventricular  complexes  of  a  distinctly  abnormal  type. 
In  Lead  2,  waves  due  to  the  auricular  activity  can  be  made  out  and  it  is  seen 
that  the  auricular  contractions  are  occurring  independently  of  and  at  £.  slower 
rate  than  the  ventricular.  In  Figure  2,  made  during  a  period  of  slower  heart 
action,  is  shown  the  supraventricular  type  of  ventricular  complexes.  There  are 
present  a  number  of  extrasystoles  mostly  auricular  in  origin.  None  of  the  ven- 
tricular complexes  are  similar  to  those  found  during  the  period  of  tachycardia. 

Case  2. — W.  N.,  a  white  male,  aged  61,  was  admitted  to  the  Philadelphia 
General  Hospital  Feb.  I,  1922,  showing  the  signs  of  some  grave  disturbance  of 
the   circulation.     The  breathing  was   Cheyne-Stokes   in   type. 

Prezious  History. — The  patient  was  dull,  stuporous  and  quite  irrational,  and 
for  this  reason  a  precise  history  could  not  be  obtained.  However,  it  appeared 
that  he  had  been  breathless  on  rather  moderate  exertion  for  at  least  seven 
years,  and  at  times  had  had  edema.  He  had  been  able  to  continue  his  work 
as  a  motorman  until  Oct.  1,  1921,  when  he  had  to  give  up  on  account  of  breath- 
lessness,  cough  and  edema.  No  information  could  be  obtained  as  to  whether 
these  symptoms  had  come  on  suddenly  or  not.  The  rest  of  the  history  elicited 
was   unimportant  except'  for   a  questionable   attack   of  rheumatic   fever  at   25. 

Physical  Examination. — On  examination,  there  was  found  to  be  extensive 
edema  of  the  legs  including  the  thighs,  and  also  of  the  abdominal  wal'.s.  There 
were  signs  of  fluid  in  both  pleural  spaces,  and  questionable  signs  of  ascites. 
The  liver  was  greatly  enlarged.  The  cardiac  apex  impulse  was  located  in  the 
fifth  interspace  4  cm.  outside  the  nipple  line  and  12.S  cm.  from  the  midclavicular 
line.  No  murmurs  were  heard.  On  admission,  the  cardiac  rhythm  was  found 
to  consist  of  periods  of  rapid  regular  action  with  a  rate  of  164,  followed  by 
periods  of  irregular  rhythm  with  a  rate  varying  between  48  and  60.  The  two 
types  of  rhythm  seemed  to  share  the  cardiac  action  about  equally,  each  lasting 
usually  from  one  to  two  minutes.  The  periods  of  tachycardia  began  and  term- 
inated abruptly.  The  pulse  was  barely  perceptible  and  there  was  a  large  pulse 
deficit. 

Laboratory  Examination. — The  urine  showed  signs  of  renal  congestion,  there 
being  a  cloud  of  albumin  with  a  moderate  number  of  casts.  The  specific  gravity 
was  1.024.  The  blood  urea  nitrogen  was  20  mg.  per  hundred  cubic  centimeters. 
The  blood  Wassermann  was  negative. 

Treatment. — At  the  time  of  admission,  a  clinical  diagnosis  of  auricular  flutter 
was  made,  the  periods  of  slow  irregular  heart  action  being  attributed  to  varying 
degrees  of  A-V  block.  Accordingly  the  patient  was  given  4  c.c.  of  the  tincture 
of  digitalis  followed  six  hours  later  by  a  similar  dose.  An  electrocardiogram 
obtained  eight  hours  after  admission  showed  that  the  cardiac  mechanism  was 
slow  auricular  fibrillation  interrupted  by  paroxysms  of  tachycardia  with  com- 
plexes of  the  ventricular  type.  The  administration  of  digitalis  was  discontinued, 
and  as  far  as  could  be  determined,  the  medication  did  not  influence  the  cardiac 
action  in  any  way.  The  alternation  of  rapid  regular  and  slow  irregular  action 
persisted  as  long  as  the  patient  lived. 

The  paroxysms  of  tachycardia  were  never  of  very  long  duration,  the  longest 
one  timed  being  four  minutes.  As  far  as  could  be  determined,  there  was  no 
greater  circulatory  embarrassment  during  their  presence  than  during  the  periods 
of  slow  rhythm.  The  patient  was,  however,  conscious  of  the  rapid  beating  of 
his  heart.  His  condition  gradually  grew  worse.  Large  amounts  of  fluid  were 
removed  from  both  sides  of  the  chest  but  without  improvement.  The  mental 
state  became  more  confused,  restraint  being  required  to  keep  him  in  bed. 
February  8,   following  a  violent  vomiting  spell,  sudden  death  ensued. 

The  Electrocardiograms.— ^\2.ny  tracings  were  made  from  which  have  been 
selected  those  presented  in  Figures  3,  4,  5,  6  and  7,  to  illustrate  the  types  of 
cardiac  action  observed.  During  the  periods  of  slow  irregular  ventricular 
activity  (Figs.  3  and  4)  the  auricles  are  observed  to  be  fibrillating.     There  are 
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numerous  complexes  of  ventricular  type;  they  are  more  frequent  in  some  tracings 
than  in  others  but  at  no  time  were  more  than  six  sequential  complexes  of  supra- 
ventricular type  recorded.  In  nearly  every  instance  each  beat  of  ventricular  type 
is  paired  with  the  preceding  beat  in  such  a  way  that  their  relations  are  practically 
identical  with  those  of  the  other  couples  in  the  same  tracing.  The  time  intervals 
between  the  first  and  second  beats  of  the  couples  do  not  vary  more  than  0.01  or 
0.02  second  in  any  electrocardiogram,  although  slightly  greater  variations  are 
observed  in  tracings  made  at  different  times.  Occasionally  all  the  beats  were 
coupled   (Fig.  S)   and  gave  an  element  of  regularity  to  the  arrhythmia. 

During  the  periods  of  tachycardia  (Figs.  4  and  6)  all  the  complexes  are  of 
ventricular  type  and  similar  in  form  to  the  second  of  the  paired  beats.  Figure 
4  shows  the  onset  of  paroxysms.  In  each  instance,  the  relations  of  the  first 
complex  of  ventricular  type  initiating  the  paroxysm  to  the  preceding  supra- 
ventricular complex  are  the  same  as  those  of  paired  beats,  and  the  time  intervals 
are  the  same. 

All  tracings  of  the  first  few  beats  of  paroxysms  show  slight  irregularity 
of  ventricular  action.  This  is  more  marked  in  some  paroxysms  than  others  and 
in  Figure  6  an  extreme  instance  of  this  irregularity  is  seen.  In  the  short 
paroxysms,  the  ventricular  action  was  slightly  arythmic  throughout  but  in  the 
longer  ones,  it  invariably  settled  down  to  a  perfectly  regular  rhythm.  M  the 
offset,  there  tended  to  be  slight  slowing  (Fig  4)  which  was  particularly  marked 
in  the  last  cycle  before  the  resumption  of  the  slow  action. 

C.\SE  3. — E.  J.,  white,  male,  aged  18,  was  admitted  to  the  Medical  Division 
of  the  University  Hospital  Sept.  10,  1921,  complaining  of  weakness  and  swelling 
of  the  abdomen  and  legs.  He  stated  that  at  the  age  of  5  he  had  had  an  attack 
of  acute  articular  rheumatism  which  kept  him  in  bed  for  several  months.  He 
recovered  entirely  but  three  years  later  had  an  illness  in  which  there  was 
high  fever  and  his  heart  was  affected,  .'\fter  this  he  was  always  weak  and  had 
palpitation  on  exertion.  From  the  age  of  13,  there  were  periods  of  cardiac 
breakdown  every  year  which  kept  him  away  from  school  for  a  part  of  the  time. 
The  attack  which  brought  him  to  the  hospital  was  worse  than  any  of  the  pre- 
vious ones  and  instead  of  improving  after  rest  in  lied  as  he  had  done  before, 
he  gradually  lost  ground  during  a  period  of  three  months.  He  was  very  weak 
and  short  of  breath  and  troubled  by  palpitation.  There  had  been  increasing 
swelling  of  the  legs  and  abdomen  and  shortly  before  admission,  of  the  left  arm. 

Physical  Examination. — The  patient  was  a  fairly  well  developed  boy  for 
his  age.  He  was  orthopneic  and  somewhat  cyanotic.  There  was  marked 
edema  of  the  legs  and  flanks.  The  left  arm  was  greatly  swollen,  but  the  right 
appeared  normal.  There  was  a  small  aneurysm  of  the  outer  end  of  the 
innominate  artery.'"  The  liver  was  markedly  enlarged  and  there  was  moderate 
ascites.  The  heart  was  tremendously  enlarged,  the  area  of  percussion  dulness 
extending  from  6  cm.  to  the  right  of  the  midsternal  line  to  the  left  midaxilla. 
There  was  a  short  systolic  murmur  at  the  apex.  The  ventricular  action 
appeared  to  be  totally  irregular  except  for  occasional  runs  of  regular  rhythm 
lasting  a  few  seconds  to  nearly  a  minute.  The  rate  during  these  periods  of 
regular  rhythm  was  counted  a  numlwr  of  times  and  was  always  founci  around 
140.    During  the  periods  of  irregular  rhythm,  the  rate  was  much  slower. 

Laboratory  Examination. — The  urine  showed  a  cloud  of  albumin  and 
numerous  hyaline,  light  and  dark  granular  casts.  The  phenolsulphonephthalein 
excretion  in  two  hours  was  25  per  cent.,  and  the  blood  urea  nitrogen 
60  mg.  per  hundred  cubic  centimeters.  The  blood  count  was  normal,  except  for 
a  slight  leukocytosis  of  12,900.     The  blood  Wasscrniann  was  negative. 

Course. — The  patient  remained  in  the  hospital  for  ten  days,  but  after  the 
second  day,  no  more  of  the  short  runs  of  regular  tachycardia  were  noted  and 
the  ventricular  action  appeared  to  be  continuously  irregular.  Digitalis  was 
used  freely  but  apparently  without  effect.  He  died  ten  days  after  leaving 
the  hospital. 


16  To  be  reported  elsewhere. 


Fig.  3. — Case  2.  Auricular  fibrillation,  slow  ventricular  rate  and  one  com- 
plex of  ventricular  type.  The  usual  type  of  cardiac  action  observed  between 
paroxysms  of  tachycardia. 
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Fig.  4. — Case  2.  Leads  I  and  II  show  the  onsets  of  paroxysms  and  Lead  III 
an  oiifset.  The  paroxysms  are  initiated  by  two  beats  identical  in  their  relation- 
ships with  the  isolated  coupled  beats.  The  rhythm  at  the  beginning  of 
paroxysms  is  not  quite  regular.  There  is  lengthening  of  the  last  cycle  before 
the  offset. 


Fig.  5. — Case  2.  Continuous  tracing,  Lead  III.  Five  pairs  of  coupled  beats 
in  succession,  an  isolated  complex  of  ventricular  type  and  a  short  paroxysm 
initiated  by  a  pair  of  coupled  beats.     The  short  paroxysm  is  quite  irregular. 
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Fig.  6. — Case    2.      Continuous    tracing.    Lead    III.      Unusual    duration    of 
irregularity  at  the  beginning  of  one  of  the  longer  paroxysms. 


Clinical  Diagnosis. — Chronic  rheumatic  myocardial  disease,  cardiac  failure, 
passive  congestion;  thrombosis  of  the  left  axillary  vein;  aneurysm  of  the 
innominate  artery,  probably  mycotic  in  origin;  chronic  diffuse  nephritis.  The 
clinical  diagnosis  of  the  arrhythmia  was  auricular  flutter,  the  periods  of  regular 
rhythm  being  interpreted  as  two  to  one  A-l'  block.  This  view  was  favored 
by  the  fact  that,  on  the  day  of  admission,  having  the  patient  sit  erect  was 
often  followed  by  short  periods  of  regular  tachycardia  with  a  rate  always 
around  140. 

Electrocardiograms.  —  These  showed  that  the  clinical  diagnosis  of  the 
arrhythmia  was  incorrect.  All  the  tracings  made  except  one  showed  auricular 
fibrillation  and  occasional  complexes  of  ventricular  type.  The  one  unusual 
tracing  (Fig.  8)  shows  the  end  of  a  period  of  rapid  regular  rhythm  with  com- 
plexes of  ventricular  type,  .^t  the  offset  of  the  paroxysm,  auricular  fibrillation 
is  again  evident.  The  tracing  also  shows  three  pairs  of  coupled  beats  shortly 
after  the  termination  of  the  paroxysm.  The  time  intervals  between  the  first 
anil  second  of  the  paired  beats  were  0.43,  0.42  and  0.43  second,  respectively. 
The  form  of  the  complexes  of  isolated  beats  of  ventricular  type,  the  paroxysm 
of  tachycardia  and  the  second  of  the  paired  beats  following  the  paroxysm  are 
all  the  same.  The  cardiac  rate  during  the  paroxysm  was  136,  the  length  of  the 
ventricular  cycles  being  0.44  second. 


Fig.  7. — Case  2.    Leads  I,  II  and  III.    Brief  pcnuds  oi     . 
ventricular  type  recurring  slowly  and  somewhat  irregularly. 
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Ca.se  4. — E.  \V.,  a  woman,  aged  58,  was  admitted  to  the  medical  Division 
of  the  University  Hospital  July  3,  1921,  complaining  of  goiter  and  swollen  legs. 
She  stated  that  she  had  first  noticed  enlargement  of  the  neck  abotit  seven 
years  previously  and  for  five  or  six  years  had  had  some  difficulty  in  swallowing. 
For  a  few  months  before  admission  she  had  been  nervous,  suffered  from 
cardiac  palpitation,  precordial  pain  and  a  feeling  of  oppression  and  shortness  of 
breath  on  slight  exertion.  She  had  lost  17  pounds  in  the  last  ten  months  before 
admission. 

Physical  Examination. — She  was  a  moderately  emaciated  woman  appearing 
to  be  about  the  age  stated.  The  thyroid  gland  was  enlarged,  particularly  the 
right  lobe.  In  the  region  of  the  isthmus,  there  was  a  mass  the  size  of  a 
walnut  and  directly  above  a  small*  mass  apparently  attached  to  the  larynx. 
The  heart  was  greatly  enlarged  and  had  a  transverse  measurement  of  16  em. 
There  was  a  systolic  murmur  at  the  apex.  The  rate  was  very  rapid  and  the 
rhythm  apparently  totally  irregular.  A  few  crackling  rales  were  heard  at  the 
bases  of  both  lungs,  the  liver  was  enlarged  and  there  was  moderate  swelling 
of  the  legs. 

Laboratory  Examination. — The  blood  and  urine  examinations  showed  nothing 
of  importance.  The  metabolic  rate  was  37.7  per  cent,  above  the  normal.  The 
blood  Wassermann  was  strongly  positive. 

Clinical  Diagnosis. — Syphilis,  adenoma  of  thyroid,  chronic  myocardial  disease 
cardiac  failure  with  passive  congestion  and  auricular  fibrillation. 
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An  electrocardiogram  (Fig.  9)  confirmed  the  diagnosis  of  auricular  fibril- 
lation, but  showed  in  addition  a  paroxysm  of  six  rapidly  recurring  beats  in 
which  the  complexes  were  of  ventricular  type.  An  isolated  complex  of  the  same 
type  occurred  shortly  after  the  paroxysm  and  the  time  interval  between  it  and 
the  preceding  beat  (0.38  second)  is  equal  to  that  between  the  first  beat  of  the 
paroxysm  and  the  beat  preceding  it.  The  rhythm,  during  the  paroxysm,  was  not 
quite  regular. 

Treatment. — The  patient  received  quinidin  sulphate  and  the  normal  rhythm 
was  restored  within  two  days.  While  a  tracing  was  being  made  shortly  after 
the  resumption  of  normal  rhythm,  a  short  paro-xysm  of  rapid  rate  with  wide 
excursions  of  the  string  shadow  of  the  galvanometer  was  observed  but  could  not 
be  recorded.     No  more  paroxysms  were  observed. 

Improvement  was  rapid  following  the  restoration  of  normal  rhythm,  and 
cardiac  compensation  was  quickly  restored.  Antisyphilitic  treatment  was  then 
given.  The  patient  left  the  hospital  after  a  stay  of  three  weeks,  and  six 
months  later  reported  to  a  social  worker  that  she  was  well.  She  refused,  how- 
ever, to  return  to  the  hospital  for  further  study. 

DISCUSSION 

In  Case  1,  the  requirements  of  Robinson  and  Herrmann  for  the 
diagnosis  of  paroxysmal  ventricular  tachycardia  are  satisfied.  The 
ventricular  complexes  are  distinctly  abnormal  during  the  paroxysms, 
their  form  being  that  of  contractions  arising  in  the  left  ventricle.  The 
auricular  beats  are  independent  of  the  ventricular  and  occur  at  a  slower 
rate.  This  is  the  fifth  case  to  be  reported  in  which  the  waves  of  inde- 
pendent auricular  contractions  have  been  recognized  during  the  parox- 
ysms. The  other  cases  are  those  of  Butterfield  and  Hunt,  Cohn, 
Robinson  and  Herrmann,  and  Gallavardin.  In  the  two  cases  reported 
by  Lewis  in  which  the  paroxysms  were  very  brief,  the  auricular  rhythm 
did  not  appear  to  be  disturbed  although  no  auricular  waves  were 
discernable  during  the  paroxysms. 

The  Recognition  of  Beats  of  Ventricular  Origin  During  Auricular 
Fibrillation. — In  the  presence  of  auricular  fibrillation,  the  diagnosis  of 
abnormal  ventricular  mechanisms  such  as  ventricular  extrasystoles  or 
ventricular  paroxysmal  tachycardia  lacks  the  confirmation  that  may 
ordinarily  be  obtained  from  an  analysis  of  the  auricular  action.  The 
origin  of  a  single  beat  with  an  abnormal  complex  during  fibrillation 
may  be  quite  uncertain  since  temporary  intraventricular  defect  in  con- 
duction may  cause  a  beat  of  supraventricular  origin  to  simulate  a 
ventricular  extrasystole.  Under  certaifi  conditions  however,  as  Lewis  ^ 
has  pointed  out,  the  diagnosis  of  ventricular  extrasystoles  during  fibril- 
lation can  be  made  beyond  a  reasonable  doubt.  Such  is  the  case  when 
(1)  there  is  coupling  of  beats,  (2)  the  first  beat  of  the  couple  has  a 
complex  of  supraventricular  type  and  the  second  of  ventricular  type 
and  (3)  the  various  paired  beats  correspond  to  one  another  in  their 
relations,  including  the  time  interval  between  the  two  beats.  These 
conditions  are  abundantly  fulfilled  in  our  Case  2  and  the  second  of  the 
num.erous  paired  beats  observed  may  be  regarded  beyond  reasonable 
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doubt  as  being  ventricular.  If  the  tracings  showing  the  beginnings  of 
paroxysms  be  compared  with  the  coupled  beats,  it  will  be  observed 
that  each  paroxysm  is  initiated  by  two  beats  that  are  in  all  respects 
similar  to  the  isolated  couples.  Following  the  second  beat,  there  is 
found  a  succession  of  ventricular  complexes  having  the  same  form  and 
consequently  portraying  the  same  course  of  the  excitation  wave.  Thus 
the  origin  of  the  paroxysms  may  also  be  regarded  justifiably  as 
ventricular. 

In  Case  3,  the  evidence  is  similar  to  that  of  Case  2,  although  not 
quite  so  complete  since  no  tracing  of  the  beginning  of  a  paroxysm  was 
obtained.  There  was  the  same  type  of  coupling  of  beats  and  the 
complexes  during  the  regular  tachycardia  were  identical  in  form  with 
the  second  complex  of  the  couples.  Furthermore^  the  ventricular  cycles 
were  approximately  equal  to  the  time  intervals  between  the  first  and 
second  beats  of  the  isolated  couples.  In  Case  4  there  was  similar 
coupling  and  the  beats  initiating  the  paroxysm  were  identical  in  their 
relations  with  those  of  the  isolated  couple  seen  in  the  same  tracing 
(Fig.  9).  Moreover,  there  are  found  complexes  of  supraventricular 
type  more  premature  than  the  ventricular  complexes,  a  fact  that  can- 
not be  explained  on  the  assumption  that  the  abnormal  complexes 
represent  merely  aberrant  beats  due  to  intraventricular  conduction 
changes. 

The  Auricular  Mcclianism  During  Paroxysms  in  Cases  2,  3  and  4. — 
Although  no  evidence  of  auricular  activity  could  be  discovered  in  trac- 
ings of  paroxysms  in  Cases  2,  3  and  4,  there  is  no  reason  to  doubt  that 
fibrillation  continued.  Fibrillation  was  undisturbed  by  coupled  beats 
in  all  three  cases  and  by  short  paroxysms  in  Cases  2  and  4.  In  relation 
to  longer  paroxysms  in  Case  2,  the  auricles  were  demonstrated  to  be 
fibrillating  up  to  the  onset  of  the  ventricular  tachycardia  and  immediately 
after  the  offset.  Fibrillation  was  also  present  immediately  after  the 
offset  in  Case  3.  Moreover,  in  Cases  2  and  3,  no  other  auricular 
mechanism  was  discovered.  A  similarly  close  relationship  of  fibrilla- 
tion to  paroxysmal  tachycardia  was  also  observed  in  Gallavardin's  case. 

The  Rhythm  of  Ventricular  Paroxysms. — The  fact  that  slight  but 
definite  ventricular  irregularity  was  present  throughout  the  paroxysm  in 
Case  4  does  not  constitute  a  valid  objection  to  the  interpretation  of  its 
ventricular  origin.  As  stated  above,  a  similar  irregularity  was  noted 
in  the  short  paroxysms  in  Case  2  and  also  during  the  first  few  beats 
of  the  longer  paroxysms.  The  brief  paroxysms  in  Hart's  and  Cohn's 
cases  also  show  ventricular  irregularity  as  do  the  first  few  beats  of  a 
paroxysm  recorded  by  Marvin  and  White.  Thus  a  high  percentage 
of  the  cases  in  which  onsets  of  paroxysms  have  been  recorded,  show 
some  ventricular  irregularity. 
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The  Length  of  Paroxystns. — The  length  of  paroxysms  of  ventricular 
tachycardia  appears  to  vary  as  widely  as  in  the  supraventricular  types. 
A  succession  of  two  ventricular  extrasystoles  is  often  found  and  three 
occur  occasionally.  It  has  not  been  customary  however,  to  regard  less 
than  six  successive  beats  as  a  paroxysm  and  these  are  rare.  In  about 
half  the  cases  thus  far  reported,  none  of  the  paroxysms  observed 
exceeded  five  minutes  in  duration.  Some  cases  had  both  short  and  long 
paroxysms,  and  occasionally  the  tachycardia  has  lasted  for  days.  The 
longest  case  on  record  is  the  one  reported  by  Robinson  and  Herrmann 
in  which  an  attack  lasted  presumably  for  eleven  days. 

Association  with  Myocardial  Disease. — It  is  evident  from  a  study 
of  the  cases  that  paroxysmal  ventricular  tachycardia  is  usually  asso- 
ciated with  grave  cardiac  disease.  Of  twenty-two  undoubted  cases, 
eleven  patients  are  known  to  have  died  within  a  short  time  after  the 
ventricular  tachycardia  was  recognized.  There  is  abundant  experi- 
mental evidence  that  the  condition  may  be  produced  by  coronary 
occlusion  and  Robinson  and  Herrmann  have  presented  clinical  evidence 
to  that  effect.  Cardiac  syphilis  has  been  found  in  some  cases.  Occa- 
sionally, however,  the  condition  has  occurred  in  patients  with  a  fair 
degree  of  cardiac  function  and  without  clinical  evidences  of  profound 
myocardial  disease.  Most  of  such  cases  have  been  among  those  with 
short  paroxysms. 

Other  Abnormalities  of  Cardiac  Function. — The  frequent  occur- 
rence of  other  disturbances  of  the  cardiac  mechanism  has  been  a 
remarkable  feature  of  the  cases.  Between  paroxysms,  extrasystoles 
are  usually  numerous.  Most  often  these  are  ventricular  in  type  and 
have  electrocardiographic  complexes  similar  in  shape  to  those  of  the 
paroxysms.  However  all  types  of  extrasystoles  may  be  found. 
Various  grades  of  A-V  block  up  to  complete  block  have  been  observed 
and  also  disturbances  in  bundle  branch  conduction.  Three  of  the  cases 
also  had  paroxysms  of  supraventricular  types  of  tachycardia,  four 
had  auricular  fibrillation  (including  the  three  of  this  report)  and  one, 
auricular  flutter. 

Clinical  Manifestations. — Occasionally  during  brief  paroxysms,  as 
in  our  Case  4,  the  patient  is  unaware  of  anything  unusual  occurring, 
but  in  the  majority  of  cases  there  are  obstrusive  symptoms.  Palpita- 
tion, particularly  a  consciousness  that  the  heart  is  beating  very  rapidly, 
is  most  common.  In  the  longer  paroxysms,  the  symptoms  of  cardiac 
failure  become  prominent  features.  The  studies  of  Barcroft,  Bock  and 
Roughton  on  blood  flow  and  respiration  were  made  in  a  patient  in 
whom,  whatever  the  origin  of  the  tachycardia,  the  excitation  wave  was 
spreading  in  an  abnormal  manner  similar  to  that  observed  in  ven- 
tricular paroxysms.    These  studies  show  wh.'it  .Tii  extraordinary  diminu- 


14 

tion  of  circulatory  efficiency  may  occur  during  such  a  paroxysm.  It 
is  easy  therefore,  to  understand  the  seriousness  of  a  long  paroxysm 
of  ventricular  tachycardia  in  a  patient  already  the  victim  of  myocardial 
disease. 

As  indicated  previously,  there  is  no  way  at  present  of  distinguishing 
ventricular  paroxysms  from  those  of  supraventricular  type,  except  by 
electrocardiograms.  From  the  history  and  the  examination  of  the 
heart  during  a  period  of  rapid  rhythm,  it  should  be  possible  in  practically 
all  cases  to  recognize  the  presence  of  some  form  of  paroxysmal  tachy- 
cardia. One  can  however  scarcely  eliminate  the  possibility  (remote  as 
it  may  be)  of  paroxysmal  auricular  flutter.  When  the  paroxysms  occur 
in  association  with  auricular  fibrillation,  the  ventricular  action  may 
closely  simulate  that  of  an  ordinary  form  of  auricular  flutter,  the 
paroxysms  being  mistaken  for  two  to  one  rhythm  and  the  slower 
irregular  action  for  the  inconstant  block  that  so  often  occurs  in  flutter. 
This  happened  in  our  Case  3  and  the  clinical  diagnosis  of  flutter 
appeared  to  be  further  confirmed  by  having  the  patient  sit  erect,  which 
sometimes  brought  on  the  periods  of  rapid  regular  ventricular  action 
thought  to  be  two  to  one  flutter,  but  was  in  reality  paroxysms  of  ventric- 
ular tachycardia.  Although  the  diagnosis  of  auricular  flutter  was  also 
made  in  Case  2,  it  is  apparent,  on  reflection,  that  the  occurrence  of 
paroxysmal  tachycardia  originating  below  the  auricles,  should  have  been 
suspected.  The  marked  discrepancy  in  rate  between  the  periods  of 
rapid  regular  rhythm  and  the  slow  irregular  action  were  greater  than 
are  to  be  expected  to  occur  spontaneously  as  a  result  of  change  of  A-V 
conduction,  in  auricular  flutter.  Moreover,  the  conspicuous  coupling 
of  beats  during  the  periods  of  slow  action  should  have  directed  atten- 
tion to  the  possibility  of  the  rapid  rhythm  being  of  the  nature  of 
paroxysmal  tachycardia. 

The  Influence  of  Drugs. — Recently,  several  papers  have  appeared 
suggesting  that  drugs  such  as  quinidin  and  digitalis  may  be  responsible, 
in  certain  cases,  for  ventricular  tachycardia.  Oppenheimer  and  Mann  " 
state  that  a  patient  under  their  observation  twice  developed  ventricular 
tachycardia  during  the  administration  of  quinidin.  Lewis,  Drury, 
Wedd  and  IHescu  '*  report  that  abnormal  ventricular  complexes  are 
frequent  in  electrocardiograms  during  quinidin  treatment  and  that,  in 
occasional  cases,  they  become  very  numerous  and  are  then  associated 
with  long  or  short  periods  of  ventricular  tachycardia.  These  authors 
have  published  a  tracing  in  which  a  period  of  tachycardia  was  recorded 


17.  Oppenheimer,  B.  S.,  and  Mann,  H. :  Results  with  Quinidin  in  Heart 
Disease,  abstr.,  J.  A.  M.  A.  78:1758  (Tune  3)  1922. 

18.  Lewis,  T..  Drury,  A.  N..  Wedd,  A.  M.,  and  Iliescu,  C.  C. :  Observations 
upon  the  -Actions  of  Certain  Drugs  upon  Fibrillation  of  the  .Auricles,  Heart  9: 
207  (April  30)  1922. 
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and  they  have  stated  that  they  were  inclined  to  view  the  abnormal  com- 
plexes not  as  aberrant  forms  but  more  comparable  to  the  abnortnal 
beats  which  help  to  constitute  digitalis  coupling.  Levy  *•  reports  that 
he  has  recorded  ventricular  tachycardia  in  five  out  of  twenty-five  cases 
of  auricular  fibrillation  treated  with  quinidin. 

Schwensen  ^"  recently  reported  two  cases  that  he  believed  to  show 
ventricular  tachycardia  as  a  result  of  the  administration  of  digitalis. 
Unfortunately,  in  one  of  his  cases,  no  tracing  was  obtained  during  the 
period  of  tachycardia.  In  the  other  case,  auricular  fibrillation  was 
interrupted  by  a  regular  tachycardia,  the  tracing  of  which  showed  a 
remarkable  alternation  of  complexes.  The  author's  assumption  of  their 
ventricular  origin  cannot,  however,  be  accepted  as  established. 

Of  the  four  cases  we  report,  tachycardia  due  to  digitalis  or  quinidin 
can  be  ruled  out  in  Cases  1,  2  and  4,  since  neither  of  these  drugs  had 
been  taken  when  the  tachycardia  developed.  This  is  noteworthy  par- 
ticularly in  Cases  2  and  4  in  both  of  which  accurate  coupling  of  beats 
occurred.  It  should,  however,  be  emphasized  that  this  is  not  necessarily 
a  digitalis  effect.  We  have  observed  it  also  in  other  cases  not  under 
the  influence  of  the  drug.  In  Case  3,  the  possibility  that  digitalis 
caused  the  tachycardia  could  not  be  excluded,  since  treatment  has  been 
received  before  admission  to  the  hospital.  This,  however,  seemed 
unlikely,  as  large  doses  of  the  drug  were  administered  in  the  hospital, 
in  spite  of  which  no  paroxysms  were  observed  after  the  second  day. 

In  view  of  the  observations  of  Oppenheimer  and  Mann,  Lewis,  and 
Lew  on  the  ability  of  quinidin  to  evoke  ventricular  tachycardia,  it  is  of 
interest  to  note  tiiat  quinidin  and  quinin  have  been  found  of  value  in 
suppressing  the  condition.  Boden  and  Neukirch  *'  state  that  they  were 
successful  in  terminating  paroxysms  by  the  intravenous  injection  of 
quinidin,  while  Singer  and  Winterberg  "  obtained  good  results  in  their 
cases  with  quinin.  In  our  Case  4,  both  the  auricular  fibrillation  and 
ventricular  tachycardia  were  abolished  by  quinidin.  These  results  would 
appear  to  indicate  that  further  observations  of  the  effects  of  the 
cinchona  alkaloids  in  this  condition  are  desirable. 

SUMMARY 

1.  Four  cases  of  paroxysmal  ventricular  tachycardia  are  reported, 
one  with  auricular  mechanism  of  normal  type  and  three  with  auricular 
fibrillation. 


19.  Levy.  R.  I..:  The  Clinical  Toxicology  of  Quinidin,  abstr.,  J.  A.  M.  A. 
78:1919  (June  17)  1922. 

20.  Schwensen,  C. :  Ventricular  Tachycardia  as  the  Result  of  the  Administra- 
tion of  DiRitalis.  Heart  9:199  (April  30)   1922. 

21.  Bodcn,  E.,  and  Neukirch,  P.:  Klinische  und  experimentelle  Reobach- 
tungen  iiber  die  Herzwirkung  des  Chinidins,  Deutsch.  Arch.  f.  kli.-..  Med 
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2.  The  electrocardiographic  findings  through  which  the  diagnosis 
was  arrived  at  in  these  cases  are  discussed.  Emphasis  is  placed  on 
the  value  for  diagnosis,  when  the  auricles  are  fibrillating,  of  comparing 
the  relations  of  coupled  beats  to  the  onsets  of  paroxysms. 

3.  The  literature  is  reviewed  and  from  the  study  of  the  cases  pre- 
viously reported  together  with  those  here  presented,  the  following  data 
have  been  assembled:  (a)  Twenty-two  cases  have  thus  far  been 
reported  in  which  electrocardiograms  justify  the  diagnosis  of  parox- 
ysmal ventricular  tachycardia,  (b)  During  paroxysms,  the  following 
types  of  auricular  action  have  been  recognized :  ( 1 )  normal  mech- 
anism;  (2)  retrograde  auricular  beats;  (3)  auricular  flutter,  and  (4) 
auricular  fibrillation,  (c)  Slight  irregularity  of  rhythm  just  after  the 
onset  of  paroxysms  is  not  unusual.  It  may  also  occur  just  before  the 
offset,  (d)  In  about  half  the  cases  reported,  none  of  the  paroxysms 
observed  e.xceeded  five  minutes  in  length.  The  longest  paroxysm 
reported  apparently  lasted  for  eleven  days.  In  long  paroxysms,  severe 
cardiac  failure  usually  occurs,  (e)  Profound  myocardial  disease  is 
usually  associated.  Other  disturbances  of  the  cardiac  mechanism  are 
remarkably  frequent.  Eleven  of  the  twenty-two  patients  are  known 
to  have  died  shortly  after  coming  under  observation.  (/)  Short  parox- 
ysms occurring  during  auricular  fibrillation  may  cause  the  ventricles 
to  behave  in  a  nianner  simulating  auricular  flutter  and  lead  to  a  mis- 
taken diagnosis  of  flutter,  (g)  The  results  of  quinin  and  quinidin  in 
treatment  have  been  promising,  but  further  observations  are  necessary 
in  order  to  determine  whether  or  not  these  drugs  are  of  real  value 
in  this  condition. 

Note. — Since  this  paper  has  gone  to  press,  another  case  has  been  reported 
by  Gallavardin  (Extra-systolic  ventriculaire  a  paroxysmes  tachycardiques 
prolonges,  Arch.  d.  mal.  du  cwur  15:298  [May]  1922),  in  which  were  recorded 
brief  successions  of  extrasystoles  and  long  attacks  of  tachycardia,  both  appar- 
ently arising  from  the  same  focus.  During  the  long  paroxysms,  the  auricular 
action  was  sometimes  independent,  and  at  other  times  controlled  by  retrograde 
conduction  from  the  ventricles. 
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INFAH( HON   IN   AN  AMYLOID  SPLEEN  ILLUSTRATING 

THE  RESISTANCE  OF  AMYLOID   MATERIAL  TO 

AUTOLYSIS. 

Balduin  LucKfe,  M.D. 

Certain  protein  substances,  particularly  amyloid,  resist  to  a 
marked  degree  putrefactive  and  autolytic  influences  and  the  solving 
action  of  weak  acid.  Pure  amyloid  may  readily  l)e  obtained  from 
tissues  infiltrated  witii  this  substance  by  artificially  dij^esting  the 
tissues  with  weak  acids.  In  postmortem  degenerated  organs  any 
amyloid  present  is  usually  well  preserve*!  and  gives  .specific  staining 
reaction,  while  even  the  fibrous  ti.ssues  are  more  or  less  destroyed 
and  no  longer  allow  selective  staining.  The  organ  exhibited  is  a 
sago  splcHMi  from  a  woman  who  sufTere<l  with  rci)eated  attacks  of 
valvular  endtx-arditis.  Several  anemic  infarcts  are  jire.sent  in  the 
spleen;  some  have  undergone  softening;  others  are  firm.  In  the 
infarcted  areas  the  amyloid  follicles  stand  out  (juite  as  conspicuously 
as  in  the  noninfarcted  regions,  and  take  on  a  deep  brown  color  upon 
application  to  the  surface  of  Lugol's  solution.  Sections  were  stainetl 
with  hennito-xylin  anil  eosin,  Mallory's  anilin  blue  and  with  methyl 
violet.  It  was  found  tliat  while  the  amyloid  substance  in  the 
necrotic  areas  still  reacted  to  the  stains  mentioned,  they  took  a 
somewhat  paler  tint. 


BLOOD  SAMPLING  FOR  CHEMICAL  ANALYSIS. 
W.  H.  Stoner,  M.D. 

(From  tlic  liiuchcini<-al  I^lH>rat(try  Philadclphiii  Hospital.) 

Previous  diet  and  exen-i.se  an'  standardized.  The  pneumatic 
tournitjuet  of  the  sphygmomanometer  is  employed  to  constrict  the 
venous  but  not  the  arterial  cir(;ulation.     The  Meeker  needle,  which 
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has  an  e(iual  lumen  section  througliout  and  is  sharp  only  at  the 
extreme  i)oint  of  an  obtuse  bevel,  is  used  to  withdraw  any  desired 
quantity  of  blood  into  a  test-tube  coated  with  sodium  oxalate, 
0.5  mg.  for  each  cc  of  blood. 


THREE  CASES  OF  AORTIC  ANEURYSM. 
E.  A.  Case,  M.D. 

A.  Fusiform  Aneurysm.  D.  T.,  laborer,  negro,  aged  forty-two 
years.  Philadelphia  General  Hospital,  service  of  Dr.  Brinton. 
Autopsy,  January  19,  1920. 

The  aneurj'sm  began  at  the  aortic  valve  and  involved  the  arch 
with  its  ascending  and  descending  limbs. 

The  wall  of  the  aorta  was  intact,  the  intinia  the  seat  of  advanced 
sclerosis  with  atheroma  and  the  aneurysm  large  enough  to  admit 
one's  fist.  The  tliyroid  cartilage  and  trachea  were  deviated  to 
the  right,  and  during  respiration  the  excursions  of  the  former  were 
marked.     No  record  of  a  Wasserinann  reaction. 

B.  Saccular  Anevrtj»>n.  W.  H.,  laborer,  negro,  aged  forty-two 
years.  Philadelphia  General  Hospital,  service  of  Dr.  Stevens. 
Autopsy,  February  2,  1920. 

Four  weeks  before  admission  to  the  hospital  the  patient  noticed 
a  swelling,  about  the  size  of  an  egg,  beside  the  spinal  column.  For 
two  weeks  this  swelling  increased  rapidly  in  size  and  then  remained 
stationary.  Pain  was  experienced  for  a  short  time  each  evening. 
The  Wassermann  reaction  was  four  plus. 

At  the  beginning  of  the  descending  limb  of  the  aortic  arch  there 
is  a  saccular  dilatation  about  20  cm.  in  diameter.  An  opening  in 
the  posterior  wall  of  this  sac  connniinicates  with  a  large  mass  of 
clotted  blood  which  had  gradually  accunuilated  beneath  the  ]>leura, 
dissecting  it  from  the  ribs,  pushing  the  lung  forward  and  extending 
into  and  below  the  left  axillary  region.  Posterior  to  and  below  the 
left  axilla  the  skin  was  discolored  and  thin,  suggesting  imminent 
rupture. 

C.  Disscctimj  Aneurysm.  J.  M.,  white,  aged  seventy-six  years. 
Philadelphia  General  Hospital,  service  of  Dr.  Ingham.  Autopsy, 
January  5,  1920. 

The  intima  of  the  aorta  is  sclerotic  and  atheromatous.  Twelve 
cm.  above  the  celiac  axis  there  is  a  shallow,  circumscribed  dilata- 
tion 2  cm.  in  diameter,  the  lower  border  of  which  is  thrown  up  into 
a  ridge  forming  a  kind  of  shelf.  This  saccular  aneurysm  contains 
a  thrombus. 

Eight  cm.  above  the  celiac  axis  there  is  a  rounded  opening  2  cm. 
in  diameter,  with  smooth,  rounded  edges  leading  into  a  cavity  7 
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cm.  long  liy  8.5  cm.  iti  (liaiiu'lcr.  KIUmI  with  a  tliromltiis.  One  uiiii 
uiie-)iaif  cm.  Im*I<)w  this  (>|HMiiii^'  tlicn-  is  uiiotlicr  and  smaller  one, 
also  commimicaliii^  with  the  same  aneurysmal  .sji<-,  so  that  a  |)rul>e 
iiitriKliictHi  through  one  o(>eninK  would  enter  the  sue  and  emerge  at 
the  other  one. 

Tiie  outer  coat  of  the  aorta  i.s  apparently  intact,  and  it  is  prob- 
ahle  that  I  lie  l)loo<l  entering  the  upp»T  opening  disse<-ted  a  j)assage 
in  llu-  wall  of  the  aorta  an<l  emerged  at  the  lower  orifice,  fortning 
at  the  same  time  a  circumscril»ed  aneurysm. 


SPECIMEN  OF  LEIOMY()M.\  OF  THE  INTESTINE  IN 
A  CASE  OF  FIBltOM.V  MOLLUSCUM. 

Morton  McCutcheon,  M.D. 

This  specimen  is  from  a  while  woman,  who  died,  at  the  age  of 
eighty-five  years,  following  cellulitis  of  the  hand. 

At  autopsy,  the  skin  |)resent<Ml  the  ty|)ical  appearance  of  fibroma 
molluscuni  with  hundreds  of  fibrous  tumors  on  all  parts  of  the  bo<Iy. 
They  were  somewhat  less  freipient  on  flexor  than  on  extensor  sur- 
faces. On  the  forehead,  the  niMliiIes  were  so  clo.se  together  as  to 
give  a  leonine  expression.  Aside  from  livor  mortis,  there  was  no 
discoloration  of  the  skin. 

The  clinical  notes  stated  that  no  pain  or  other  subjective  dis- 
turbance had  been  cau.sed  by  the  tumors. 

The  uterus  contained  small  intramural  and  submucous  fibroids. 

On  s<>rous  surface  of  the  stomach  were  numerous  small  fibrous 
no<Jules,  the  largest  .5  mm.  in  diameter  In  small  intestine  were 
a  number  of  submucous  tumors. 

The  gro.ss  specimen  exhibitetl  is  a  strij)  of  ileum,  on  the  mucous 
.surface  of  which  is  a  small,  firm,  pedunculated,  gray  tumor,  8  by 
5  by  S  mm. 

Histologically,  the  skin  tumors  are  soft  fibroma.<:  Section  of 
intestine  shows  a  new  growth  5  by  i.  mm.  between  the  transverse 
and  longitudinal  layers  of  mu.scle.  The  latter  layer  is  interrupted 
by  the  tumor,  surviving  muscle  strands  being  scattered  through 
the  new  growth. 

The  tumor  it.self  consists  of  three  elements:  (1)  Predominating 
are  interlacing  bundles  of  fine  fibrils,  which  stain  with  eosin,  and 
with  van  (lieson's  stain  take  the  picric  aci«l  faintly;  the  fibrils  are 
provided  with  muuerous  spin<lle-shape<l  nuclei;  .some  of  these  have 
rounded  ends,  some  j)ointed.  (i)  \  very  fine  network  of  fibn)us 
connective  ti.s.sue,  which  is  colore<l  red  by  van  (Jieson's  metlio<l; 
this  fibrous  tLs.sue  is  ^-onsiderably  less  in  amount  than  the  yellow 
staining  fil)ers.     (3)  Numerous  capillaries   line<l   with   en<lotlielium. 
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Predoiiiiiiatinj;  filK-rs  staining  with  picric  acid  are  evidently 
smoolli  nmsde,  so  lliat  tlie  diagnosis  of  tlu-  specimen  is  leiomyoma. 

Conclu.iionn.  Several  cases  of  fibroma  molluscum  have  been  re- 
ported, with  fibrous  tumors  along  gastro-intesliiial  tract.  At  least  in 
the  present  case,  these  intestinal  tumors  are  found  not  to  be  fibromata 
but  leiomyomata. 


HEMATOMA  OF  BOTH  RECTUS  ABDOMINALIS 
MUSCLES. 

Balduin  Luck£,  M.D. 

In  a  number  of  infections,  such  as  typhoid,  smallpox,  strepto- 
coccic infections,  tetanus,  etc.,  as  well  as  after  severe  bums  or  in 
persons  frozen  to  death,  a  peculiar  degeneration  of  various  volun- 
tary muscles  is  encountered  which  is  sometimes  accompanied  by 
rupture  of  the  aflFected  muscles  and  the  formation  of  hematomata. 
Such  lesions  were  met  with  particular  frequency  during  the  epi- 
demic of  influenza  of  1918-1919.  The  writer  in  about  400  autop- 
sies on  soldiers,  between  the  ages  of  eighteen  and  thirty-one  years, 
who  died  of  various  acute  infections,  found  muscular  degeneration 
of  marked  degree,  associated  with  hematoma,  in  about  6  instances. 
Lighter  grades  of  degenerations  are  more  frequently  encountered 
and  often  overlooked. 

The  muscles  most  often  involved  are  the  abdominal  recti,  the 
adductors  of  the  thigh  and  the  pectoral  mu.scles.  Usually  the 
lesions  are  patchy  or  streaky,  i)icking  out  groups  of  fibers,  which 
because  of  the  resulting  alteration  stand  out  quite  distinctly  from 
the  surrounding  normal  muscle.  The  affected  areas  may  attain 
the  size  of  several  centimeters.  \'arious  degrees  of  degeneration 
may  usually  be  seen  in  the  disea.sed  portions.  The  earliest  recog- 
nizable change  consists  of  mere  dulling  and  loss  of  translucency. 
Later  the  diseased  fibers  became  distinctly  gray-brown  or  of  a 
dirty  clay  color;  their  elasticity  is  lost  and  they  become  softened. 

Such  areas,  being  points  of  lessened  resistance,  are  frequently 
invaded  by  bacteria  which  produce  further  destruction  resulting  in 
abscess  formation.  Thus  one  may  often  explain  the  muscle  abscesses 
found  in  influenza  and  other  bacterial  diseases. 

Rupture  of  the  softened  fibers  may  occur,  the  lower  portion  of 
the  recti  being  the  usual  point  where  this  takes  place.  Blood  will 
then  escape  into  the  gap  and  a  hematoma,  sometimes  of  large  size, 
result. 

Microscopically,  one  finds  usually  no  inflammatory  reaction  in 
the  earlier  stages.  The  process  seems,  therefore,  to  be  of  toxic 
nature.  Later  a  leukocytic  infiltration  and  a  fibrin  exudate  is 
generally   encountered.     The   involved   fibers   are   at   first   swollen. 


I'ATIIOMMilCAI.   S(K'IKIY    I'KKSKNTATIONS  .» 

taki*  a  (icc|>  eosin  stain,  lose  tlicir  st  rial  ions  and  nuclei,  and  have 
;i  ;ilassy,  liyalinc  appoaranco.  I^ilcr  llic  staining  pr()|H>rlics  art' 
allogftluT  lost,  and  I  lie  tlt-^joiuTatcd  siihslaiict*  is  ofloii  vaciiolaliHi. 
The  sarcoli'niina  usually  <'xliil>ils  prolifenilivo  altenitions,  and  more 
or  less  complete  reorganization  seems  to  take  place.  If  the  dejjen- 
eratwl  area  is  very  larjje,  as  in  actual  rupture,  a  eonsideral)le  indam- 
matory  reaction  (K'ciirs.  Here  a.fil)rin  network,  often  containing 
many  leukiH'ytes  and  t)acteria,  is  encountered.  Sarcoienuial  anti 
KhroMastic  proliferation  takes  place,  no  restitutio  ad  integram 
results,  hut  the  {lap  may  l>e  l)rid{;e«i  l»y  s<-ar  fi.ssue. 

Thesi'  lesions  are  often  s|)oken  of  as  Zenker's  coagulation  necro- 
sis or  as  uuiscic-liyalinc  def^eiieralion.  They  explain  certain  abdom- 
inal pains  in  [latieuts  witii  typhoid  and  other  infectious  fever.  The 
writer  feels  that  these  lesion.s  al.so  |K)s.sess  great  medico-legal 
interest  for  the  ruptured  nuis<'Ies  appear  usually  as  if  torn  hy  vio- 
lence, and  the  ((uestion  of  possible  trauma  may  arise.  The  absence 
of  <-utaneous  discoloration  may  often  exclude  injury,  but  it  doe.s 
this  only  in  a  relative  sen.se. 

The  nui.seles  exhibited  came  from  a  white  nude,  age<l  forty-three 
years,  who  died  from  postinfluenzal  streptcK-occic  lobular  pneu- 
nu>nia.  Both  recti  are  torn  5  cm.  ai)ove  the  pubic  bones.  \  large 
henuitoma  resulted.  In  the  ujiin-r  |)ortions  of  these  mu.scles  earlier 
degenerative  changes,  as  detailetl  above,  were  foiuul. 


in  I'ERTROPHIC  STAGE  OF  BILIARY  OBSTRUCTIVE 
CIRRHOSIS. 

Bai-diin  Li  (  kk.  M.I). 

The  liver  lesion  was  clinically  diagnosed  as  ITanot's  cirrhosi.s. 
By  this  is  underslfKnl  a  hepatic  erdarjicmenl  due  to  an  infiamnui- 
tory  overgrf>\vth  of  connective  ti.s.sue  l)et\veen  the  individual  or 
groups  of  liver  cells.  This  is  usually  accompanietl  by  mor«'  or  les.s 
profound  icterus  but  rarely  by  a.scites.  On  .se<'tion  the  greatly 
enlarged  organ  (which  may  weigh  .)()()(1  gm.  or  more)  is  found  to 
\}C  firm,  usually  of  grc-en  color,  with  a  but  slightly  granular  surface 
and  a  .somewhat  uneven  cut  surface;  the  lobular  nuirking  is  almost 
entirely  lost.  Hanot's  cirrhosis  is  very  rare  in  this  comitry,  but 
se<'ms  to  o<'cur  more  or  less  fre<|uently  in  France.  \  condition  simu- 
lating it  is  sometimes  eiu'oiMitereil  in  domestic  and  wild  aninuds. 

Caw  Report.  J.  K.,  aged  twenty-five  years,  white  nude,  born  in 
Galicia,  suffered  with  recurrent  attacks  of  icterus.  The  first  symp- 
tom (in  19L5)  was  jaundice,  a  few  months  later  he  <lcvelo|)e<I  pain 
in    the    right    .shoulder.     His    gall-bladder    was    surgically    draiue<l 
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(191!)),  but  no  lii.slory  of  {,''i"-'^'<>''i"«  can  he  ohlained  from  the 
notes.  At  the  time  of  operation  the  liver  was  indurated,  extended 
to  the  umbilicus  and  had  a  somewhat  rough  edge.  The  spleen  was 
palpably  enlarged.  A  small  section  of  tlie  liver  was  removed,  the 
histological  diagnosis  is  said  to  have  been  Hanot's  cirrhosis  (this 
statement  could  not  be  confirmed  since  the  tissue  was  lost).  The 
patient  was  finally  admitted  to  the  Philadelphia  Hospital  (1020). 
He  suffered  from  a  deep  icterus;  the  liver  was  enlarged  to  the 
umbilicus,  the  spleen  extended  four  inches  below  tlie  costal  mar- 
gin. Moderate  a.scites  exi.sted.  Laboratory  examinations  di.sclo.sed 
a  moderate  .secondary  anemia,  a  normal  white  count  and  a  nega- 
tive Wassermann  reaction.  The  temperature  occasionally  ro.se  to 
99°,  the  pulse  varied  from  80  to  100.  On  postmortem  examination 
the  skin  was  uniformly  greenish-yellow,  800  cc  of  bile-tinged  fluid 
were  present  in  the  abdominal  cavity,  and  150  cc  of  similar  fluid 
in  the  pericardial  sac.  Liver  weighed  3000  gm.,  measured  32  by  33 
by  9  cm.,  and  had  a  deep  green  color.  The  margin  was  slightly 
rounded.  Surface  was  rather  smooth,  but  showed  occasional  irregu- 
larly distributed  hobnail  elevations.  Over  the  anterior  surface 
and  the  lower  margins  just  to  the  right  of  the  gall-bladder  numer- 
ous fibrous  tags  and  a  small  scar  at  the  margin  were  found.  The 
diaphragm  was  generally  adherent.  The  organ  cut  with  greatly 
increased  resistance;  the  cut  surface  was  deep  green.  A  very  dis- 
tinct, grayish-white  fibrous  tissue  surrounded  the  individual  lobules, 
only  occasionally  the  fibrosis  seemed  to  be  multilobular.  This 
interlobular  fibrosis  was  uniformly  distributed  throughout  the  entire 
deep  green  organ.  The  gall-bladder  was  small,  covered  with  fibrous 
adhesions;  its  wall  was  much  thickened.  The  organ  contained  a 
small  quantity  of  thin  cloudy  fluid.  Lying  free  in  the  gall-bladder 
and  extending  into  the  cystic  duct  was  a  piece  of  a  rubber  catheter 
4  cm.  in  length.  After  extraction  of  the  tube  the  bile  ducts  proved 
to  be  patulous  to  probing.  The  spleen  weighed  1630  gm.,  measured 
26  by  15  by  3  cm.,  was  firm,  had  a  thickened  capsule  with  many 
fibrous  adhesions.  On  the  dark  red  cut  surface  the  fibrous  frame- 
work stood  out  with  some  prominence,  but  the  pulp  was  quite  soft. 

Microscopic. examination  of  the  liver  shows  a  very  pronounced 
monolobular  fibrosis.  The  enormously  thickened  connective  tissue 
is  very  dense  and  mainly  perilobular.  Only  occasionally  a  small 
quantity  of  interlobular  connective  tissue  is  encountered.  The  bile 
ducts  are  greatly  increased  in  numbers,  of  small  size,  and  possess 
small  lining  cells.  The  hepatic  cells  are  generally  atrophic,  and 
filled  with  dust-like  bile  pigment.  Plugs  and  cylinders  of  inspis- 
sated bile  are  everywhere  present.  The  spleen  is  markedly  con- 
gested and  moderately  fibrotic. 

The  condition  summarized  here  does  not  resemble  Hanot's  cir- 
rhosis, but  falls  in  the  group  of  early  (hypertrophic)  biliary  obstruc- 
tive cirrhosis.     It  is  not  clear  whether  the  original  cause  for  the 
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obstruction  was  a  stone,  jn^rhaps  assofiated  with  a  cliolwystitis,  or 
u  cholodorliitis,  hut  il  s<iMn.s  llial  lln-  rclaiiMMl  tallu-tfr  within  the 
gall-l>hiil(l(T  at  least  aided  in  fnrtlier  oWstriutin^  l)iie  outflow. 


HYDRONEPHROSIS,   CONTAINING    KtOO  C.C.    OF    AMBER 

FLUID. 

Walter  J.  Freeman,  M.D. 

(From  the  Lalwratory  of  Postmortem  Pathology,  Philailelphia  (ieneral  Huxpital.) 

Sudden  and  complete  blockinj;  of  the  ureter  has  been  shown 
ex|)eriinentally  to  produre  cessation  of  the  secretins  function  of  the 
kidney  witli  subsciinciit  atrophy  of  liic  or^an.  Partial  or  intennit- 
tcnt  obstruction  to  the  outflow  of  urine  brings  about  a  dilatation 
of  the  ureter,  the  pelvis  and  later  the  calices  of  the  kidney.  If  the 
condition  goes  far  enough  there  is  pressure  atrophy  of  the  whole 
kidney  substance  and  the  hydronephrosis  l)econies  a  tnere  sac  of 
fluid  in  whose  walls  may  In*  seen  a  few  rcnuiants  of  kidney  tissue. 
There  seems  to  Ik?  no  limit  to  the  size  to  which  these  sacs  may  grow, 
and  when  large  they  may  cause  confusion  in  diagnosis,  being  mis- 
taken for  ovarian  cysts,  retro|)eritoneal  cysts  or  even  ascites.  In 
Keen's  Siinjerif  there  is  noted  a  hydronephrosis  containing  S(!,(K>0 
cc  of  fluid,  and  Gould  and  Pyle  mention  a  case  of  hydronei)lirosis 
weighing  100  pounds. 

The  si)ecimen  jjresented  was  remo%'ed  from  a  white  woman,  aged 
forty-six  years,  who  had  l)een  demented  for  two  years  l>efore  admis- 
sion, and  upon  whom  no  history  was  obtained.  Examination 
showed  an  obese  woman,  rather  dysjtncic,  with  an  enlarged  heart 
and  a  distendetl  abdomen.  In  the  right  side  of  the  abdomen  was 
a  large  cystic  nuiss.  freely  movable,  which  flic  patient  was  accus- 
tomed to  push  from  otu*  side  to  the  other  with  a  demented  sort  of 
enjoyment.  I^irge  amoimts  of  urine  (spc<-ific  gravity  101(1),  con- 
taining no  ali)umin  and  no  casts,  were  frecjuently  voided.  The 
patient  vomited  once  after  admission,  but  there  were  no  other 
gastro-intestinal  symj)toms.  The  heart-rate  was  very  irregidar  and 
persistently  over  140.     The  i)aticnl  died  three  days  after  admission. 

At  necropsy  there  was  foiuid  "a  large  retroi)eritoneal  nm.ss  (M-cupy- 
ing  the  right  side  of  the  abdomen  from  the  liver  to  the  |)elvis.  The 
a.scending  colon  rides  on  top  of  the  ma.ss  and  is  almost  black  in 
color,  but  is  probably  not  gangrenous.  The  mass  itself  fluctuates 
and  is  nowhere  hard  or  n(Mlular.  The  diaphragm  on  that  side 
reaches  the  third  interspace."  The  cystic  ma.ss  i)rove<l  to  \te  a 
hydronephrosis  containing  4000  cc  of  cloudy,  dark  amlnT  fluid. 
No  chemical  examination  was  nuule. 
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The  mass  corresponds  somewhat  in  shape  to  the  normal  kidney. 
There  is  definite  lohuhilion  evident  which  may  he  the  evidences 
of  renal  lobulation,  or  more  i)rol)al)ly  the  contours  of  the  hugely 
distended  calices.  The  sac  wall  itself  greatly  resembles  parchment 
paper  and  only  at  one  area,  for  a  diameter  of  6  cm.,  can  any  sug- 
gestion of  kidney  tissue  be  observed.  The  ureter  is  dilated  to  the 
size  of  the  small  intestine  as  far  down  as  the  brim  of  the  pelvis, 
where  there  is  a  dark,  jagged  calculus  about  13  mm.  long  and  4 
mm.  in  diameter,  embedded  in  a  mass  of  inflammatory  tissue, 
apparently  completely  occluding  the  lumen. 

Microscopic  examination  of  the  blackened  a.scending  colon  has 
revealed  the  following  conditions:  "The  mucosa  is  uniformly 
necrotic.  All  coats  are  congested,  edematous  and  infiltrated  with 
polymorphonuclears.  In  one  large  vessel  in  the  section  there  is  a 
recent  thrombus  and  about  it  the  tissues  are  in  a  state  of  necrosis." 

The  heart  was  hypertrophied  and  dilated;  the  other  kidney  showed 
marked  arteriosclerosis  and  multiple  anemic  infarcts. 

The  specimen  is  the  largest  hydronephrosis  in  the  collection  of 
the  Philadelphia  General  Hospital.  Aside  from  its  size  it  is  remark- 
able on  account  of  the  complicating  colonic  condition.  The  large 
size  and  free  mobility  of  the  sac  caused  it  to  elevate  the  ascending 
mesocolon  until  it  interfered  with  the  blood  supjily  and  caused  a 
beginning  gangrene. 


BICORNATE  UTERUS. 
A.  G.  Kekshneh,  M.D. 

Patient  was  a  white  female,  aged  forty  years,  admitted  to  the 
Philadelphia  General  Hospital  with  cardiac  decomj>ensation,  from 
which  she  died.  She  was  one  of  a  family  of  ten  and  had  herself 
had  three  normal  children  and  one  miscarriage.  In  1911,  she  had 
an  operation  for  prolapse  of  the  uterus  and  a  left  oophorectomy. 
From  then  on  her  menses  became  less  frequent  and  ceased  at  the 
age  of  thirty-five. 

Autopsy  disclosed  a  bicornate  uterus,  which  evidently  had  nothing 
to  do  with  her  last  illness,  but  is  of  interest  because  of  her  previous 
history  of  having  three  normal  children. 


PARTIAL  TRANSPOSITION  OF  ABDOMINAL  VISCERA. 

A.  G.  Kershner,  M.D. 

Autopsy  6233,  Philadelphia  General  Hospital,  September  17,  1921. 
The  specimen  was  obtained  from  a  negro,  male,  aged  fifty-seven 
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years.  Cliiiii-nl  diii^tiusis:  ('hr<>iii<-  iiiytH-anlitis.  On  adinission,  he 
coinplaiiioii  of  (lyspiica  on  <'\<'rli(>ii,  epifjaslric  (lisln-s-*  jiml  consti- 
patioii  for  tlirve  year>. 

Physical  Exaiiiiiialion.  Coarsi-  rales  tliroiiglioiil  llic  clu-st.  soft 
tlirill  ill  the  iiiidpreeoriiiiiiii,  presystolic  and  systolic  intirnnirs  in 
'  the  mitral  ar»'a  and  moderate  arrhythmia.  BI<K)d-pre.ssurc,  lo()-84. 
Ahdomeii:  lower  border  of  the  liver  at  the  iimhilicus.  Kdeina  of 
the  e.xtremities.  Urine  showed  a  heavy  cloud  of  alhiiniiii  with 
hyaline  and  granular  casts. 

Autopsy  showed  thoracic  viscera  in  normal  position;  700  cc  of 
bloo<l  fluid  were  found  in  the  pleura!  cavity.  Both  lungs  were 
intensely  congested  and  the  left  lung  showed  general  hemorrhagic 
infarcts.  The  heart  was  greatly  liypertro|)hied.  .VII  the  ahdominal 
vi.scera  showed  passive  congestion.  The  stoinacli  was  on  the  right 
side  and  several  splenic  nodules  were  under  the  riglit  diaphragm, 
while  the  inferior  vena  cava  was  on  the  left  side  of  the  alxloniinal 
aorta.     Tlie  rest  of  the  vi.scera  were  in  normal  situ. 


TROPICAL  INGUINAL  (i;RANUl/)>L\  IN  THE  EASTERN 
UNITED  STATES. 

Alexander  Randall,  M.D. 

We  wish  in  a  jireliminary  report  to  briefly  call  your  attention  to  a 
condition  supposedly  occurring  only  in  tlie  tropics  and  its  endemic 
e.xistence  in  the  tem])erate  parts  of  the  eastern  United  States. 

Under  the  following  variety  of  names  -tropical  inguinal  granu- 
loma, tropical  ulcer,  venereal  granuloma,  granuloma  inguinale  and 
granuloma  pudeiidi  -there  iias  long  Imhmi  recognized  liy  physicians 
practicing  in  tiie  tn»i)ics  and  South  .Vmerica  a  di.sea.se  which  was 
supposetlly  limited  to  the.se  countries. 

Recently  Syminers  and  Frost  reported  from  the  lal)oratories  of 
the  Bollevue  Hospital.  New  York,  i  cases  of  tropica!  ingiiina!  granu- 
loma found  ill  negroes  of  tliat  city,  aiul  this  number  has  recently 
l)een  augmented  in  a  later  rep<irt  l)y  ('ain|>)>ell  of  3  furtlier  ca.ses 
found  in  t!ie  urological  wards  of  that  institution. 

Recognizing  the  similarity  of  t!ie  lesions,  as  iUustrateti  by 
Symmers  and  Frost,  to  certain  ca.ses  that  have  Ikhmi  reiH'altMlly 
seen  on  the  urological  .service  of  the  Philadelphia  (Jciieral  Hospital, 
on  coiiimeiicing  the  .service,  January  I.  I  institute*]  a  round-up,  with 
the  result  that  5  men  and  4  women  were  found  in  the  institution 
suffering  from  lliis  condition.  These  numlK'rs  have  l)een  incr«'a.se<I 
since  that  time  l)y  !■  men  and  1  woman  ]>atient,  making  a  total  of 
14  ca.ses  under  ob.servatioii.  Four  further  ca.ses  have  IntMi  reporte<l 
to  us;  1  an  inmate  of  the  Penitentiar>',  who  had  on  two  previous 
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ocra.sioiis  l)eoii  treated  for  this  condition  at  the  Phihideiphia  Clencra! 
Hos])ital;  a  second  and  a  third  observed  hy  Dr.  A.  H.  l>ipi)incott, 
of  Camden,  N.  J.,  after  heinj?  diagnosed  by  our  laboratory;  and  a 
fourth,  a  native  of  New  Jersey,  who  is  awaiting  hospital  admission, 
having  been  referred  by  Dr.  J.  L.  Herman:  a  total  of  16  cases. 

The  first  and  most  important  fact,  when  making  such  a  diagnosis 
of  a  siij)i)osedly  tropical  disease  as  present  in  the  temperate  zone,  is 
the  untiuestioned  accuracy  of  the  diagnosis.  We  have  turned  to 
the  work  of  Aragao  and  Vianna,  of  Rio  Janeiro,  who  are  probably 
the  world's  authorities  on  this  condition  and  the  originators  of  the 
specific  antimony  treatment,  and  we  have  been  able  to  corroborate 
and  substantiate  in  our  cases  all  the  bacteriological  data  that  they 
report,  while  the  result  of  the  specific  treatment  and  the  similarity 
of  the  appearance  of  the  lesions,  as  we  have  seen  them,  to  the  splen- 
did photograjjhic  and  colored  illustrations  in  their  work  have  alone 
been  almost  self-substantiating. 

This  disease  has  been  present,  practically  consistently,  in  the 
Philadelphia  General  Hospital  as  long  as  any  of  the  attending  physi- 
cians and  nurses  can  remember.  It  has  masqueraded  here,  as 
elsewhere,  under  various  other  diagnoses,  among  which  may  be 
mentioned  lues,  now  ruled  out,  as  in  fact  it  has  always  l^een,  by 
the  repeatedly  negative  blood  tests,  lack  of  specific  history  and 
absolutely  negative  results  with  arsenic  therapy;  as  chancroidal 
infection,  to  which  it  rarely  bears  any  similarity,  as  destructive 
ulceration  is  particularly  not  a  characteristic;  as  tuberculosis, 
though  never  substantiated  by  microscoj)ic  study;  as  condylomata, 
to  which  when  seen  in  the  female  or  about  the  anal  region  it  bears  a 
close  similarity;  and  as  carcinoma,  to  which  the  microscopic  picture 
in  2  of  our  cases  was  almost  identical. 

Symptoms.  The  usual  historj'  is  that  the  lesion  started  as  a  small 
papule,  non-inflammatory,  which,  after  rupture  and  the  exudation 
of  a  slightly  purulent  fluid,  refused  to  heal  and  exhibited  progres- 
sive tendencies  toward  slow  proliferation  and  si)reading.  The  lesion 
in  its  purity  (esi)ecially  seen  when  involving  the  inguinal  region)  is 
a  flesh-red  exuberant  overgrowth  of  soft  granulation  tissue.  It  has 
absolutely  no  similarity  to  an  ulcer  with  its  eroding,  undermin- 
ing, necrotic  base.  The  center  of  the  granuloma  appears  slightly 
depressed,  and  there  is  certainly  a  destructive  action  present,  but 
the  edges  are  redundant  and  overlaj)  the  apparently  healthy  skin 
margin.  Exudate  is  scant,  mucoid  in  character,  of  a  non-offensive 
odor,  and  when  wiped  with  gauze  is  easily  removed,  leaving  a  clean, 
blood-red  surface  similar  in  every  respect  to  a  large  area  of  healthy 
granulation  tissue,  as  seen  in  clean  surgical  wounds.  This  picture 
varies  according  to  duration,  size  and  location.  The  older  lesions 
show  at  times  tendencies  toward  cicatrization  at  some  points  while 
spreading  in  others,  but  this  only  occurs  when  flat  non-chafing  sur- 
faces are  involved.     I>arge  lesions,  especially  those  in  the  perineum. 
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Ihh-oiiu'  liiilltoiis,  siiiiulaliii^  <'(>ii<lyl(>iiiata  acuiniiialii.  willi  larp-. 
roiiiuloil  lu-ails  of  new  ^rowlli.  I  In-  licad.s  (iriliiiu's  with  |M'arly-\\  liil«' 
siirfacfs  of  opitlioli/atioii  ami  (I(h*|»  crypts  with  raw.  Kratiiilonia- 
loiis  siirfact's.  S<H-<iii(lary  inf«flioii  lu're  fuuses  the  clean.  (Nlorless 
(•liaract<'r  to  cliaiij^c. 

As  iiKiicatcil  l>y  the  name,  the  must  fre<|uent  lix-alion  is  in  the 
groin,  spreacliiifj  upward  us  far  as  the  aiiterior-stiperior  spine  and 
downward  through  tlie  fold  of  the  xroin.  fre(|ueiitiy  involving  the 
|M»rineiini.  and  in  some  cases  following  the  fold  of  the  nates  and 
spreading  to  tlie  hnttiH-ks.  Prepucial  lesions  are  likewise  frecjuently 
associated  and  at  times  primary,  and  involvement  here  has  given 
us  the  most  destructive  |)ictiire  with  a  gradual  erosion  of  the  glans 
an<l  even  the  shaft  of  the  organ.  In  the  female  the  labia  niajoni 
share  the  hrunt  of  the  attack  with  the  perineum  and  groin  involve- 
ment in  some  cases.  We  have  lia<l  1  ca.se.  a  male,  with  the  granu- 
loma limited  to  a  proliferative  growth  ahout  the  anus. 

The  patients  have  few  subjective  symptoms.  They  suffer  no 
pain  or  di.scomfort  mde.ss  the  involv<'d  areas  arc  so  placed  as  to 
cause  chafing.  The  granuloma  is  practic-ally  paiidcss  to  the  touch 
and  only  tU-ep  pinching-up  of  the  mass  will  cau.sc  suffering.  I'racti- 
cally  all  of  our  jiatients  have  shown  a  definite  degret?  of  .secondary 
anemia,  hut  there  has  lM'<'n  a  complete  absence  of  pyrexia,  chill, 
leukcK'ytosis,  throbbing,  lassitude,  or  the  usual  concomit.ints  of 
infectious  processes. 

Race.  \\\  of  our  ca.ses,  with  one  exception.  lia\e  occurred  in  the 
negro.  The  one  exception  is  that  of  a  white  male,  in  whom  the 
lesion  has  likewise  Ihhmi  atypical,  simulating  a  |>hagedenic  chan- 
croidal sore  with  ragged,  ulcerated  edges.  His  bacteriological  exam- 
ination was  positive  and  he  may  Ik*  harboring  a  double  infection. 
He.  however,  has  not   responded  to  treatment   with  antimony. 

Diaynii.iix.  We  have  ba,sed  our  clinical  diagnosis  entirely  u(>on 
the  bacteriological  firwling  of  the  specific  organism.  This  is  done 
by  making  smears  from  the  exuding  surface,  in  which  will  Im?  found 
numerous  large  mononuclear  plasma  cells,  whose  protoplasm,  on 
()roper  staining,  will  be  found  studded  with  the  characteristic  encap- 
sulated di|)lobacillus.  The  tlierap<-utic  result  from  the  u.sc  of  anti- 
mony intravenously  may  likewise  be  taken  as  indicative  of  the 
accuracy  of  tlu-  diagnosis,  for  after  three  or  four  administrations 
the  organimi  disjip|H'ars  entirely  from  the  surface  and  cannot  1m' 
found  in  smears. 

Trealmnil.  As  pointe<l  out  by  all  previous  writers,  and  substan- 
tiated by  the  histories  of  cases  in  the  I'hiladelphia  (icneral  Ho.spital. 
in  years  gone  by  the  treatment  of  the.s*'  lesions  has  Ihmmi  most  dis- 
appointing until  the  pn>sent,  when  antimony  was  first  iiistitute«l. 

l/ocal  applications  of  salves,  e.scharotics  and  anti.s«>ptics  do  no 
gu<Ml  what.s<H'ver;  vaccine  therapy  has  lu'cn  consistently  a  failure; 
excision  is  followed  almost  uniformly  by  recurrence  l)efore  healing: 
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arsenic  is  of  no  houcfit,  and  the  roctitf^eii  ray  alone  lias  not  pveii  ns 
any  curative  results,  causint;  a  slow  (cicatrization;  hut  hecaiise  of  the 
dangers  associated  with  its  use,  it  has  been  possible  to  apply  it  only 
once  every  three  weeks,  and  therefore  re(|uirinf;  on  an  average  from 
twelve  to  eighteen  months  to  establish  healing.  Kven  with  the 
roentgen  ray  the  hospital  exi)crience  in  the  years  past  has  been  dis- 
ajjpointing,  and  probably  at  least  50  per  cent  of  the  cases  returned 
with  recurrences.  Some  of  our  present  ca.ses  have  had  two  or  more 
admissions  in  passing  years  for  return  of  their  lesions  after  appar- 
ent coini)lcte  healing  under  the  roentgen-ray  therapy,  while  several 
have  been  so  long  inmates  of  the  institution  that  they  have  been  put 
on  the  hospital's  pay-roll  and  work  as  laborers  about  the  buildings. 

Following  Vianna's  work,  we  started  giving  antimony  intraven- 
ously in  the  form  of  tartar  emetic.  The  initial  dose  of  0.04  gm. 
was  used,  and  thi.s  quickly  advanced  to  a  maximum  dosage  of  0.1 
gm.  Our  first  treatments  were  given  daily,  and  most  patients  tol- 
erated this  until  about  ten  doses  had  been  given,  but  nearly  all 
after  that  amount  showed  some  symptoms  of  intolerance  for  the 
drug  and  we  began  intermitting  the  daily  dosage,  governing  the 
time  by  symptomatic  data.  This  intolerance  consisted  of  rheuma- 
toid pains  in  the  joints  associated  with  stiffness,  especially  seen  in 
the  early  morning  on  rising,  and  most  frequently  located  through 
the  sho'ulder  girdle,  and  as  a  general  rule  wore  off  during  the  course 
of  the  day.  There  have  not  been  in  any  case  symptoms  of  an  alarm- 
ing character. 

The  drug  has  been  prepared  by  dissolving  0.1  gm.  in  10  cc  of 
saline  solution,  and  is  best  put  up  and  ])reserved  by  sealing  imder 
sterile  precautions  in  that  size  glass  am])oules.  Intravenous  admin- 
istration is  essential. 

The  lesion  becomes  bacteriologically  sterile  after  the  second  or 
third  dose  of  tartar  emetic.  Healing  commences  within  forty-eight 
hours  after  the  first  administration  and  from  then  on  almost  daily 
progress  can  be  appreciated.  Ei)ithelial  proliferation  starts  at  the 
edges  and  rapidly  spreads  inward,  while  often  isolated  islets  of 
epithelium  in  the  midst  of  the  granuloma,  before  not  seen  or  buried, 
start  proliferation  in  the  midst  of  the  lesion  and  hurry  the  complete 
healing. 

The  phenomena  of  healing  can  best  be  pictured  by  comparing 
it  to  the  use  of  arsphenamine  in  somewhat  similar  long-standing  and 
untreated  luetic  skin  lesions. 

In  some  cases  the  administration  of  the  drug  causes  a  tingling, 
pricking  sensation  in  the  granuloma,  immediately  after  the  injec- 
tion, and  ofttimes  an  excess  of  mucoid  secretion  occurs  for  the 
first  few  days.  Scabbing  over  of  the  surface  takes  place  wherever 
the  raw  surfaces  are  in  apposition,  and  thin  crusts  form  around  the 
periphery  of  open  areas. 
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Kf.'tiilt.i.  Of  our  H  iKTsomilly  t)h.sorvc<l  c«.s<'s,  8  art*  lu-al*"*!.  As 
I  Ills  is  hut  a  prt'liiiiiiiar)'  report,  wo  will  omit  history-  r{-sumr.  Fol- 
lowing tlie  advice  of  Vianna  we  have  |H'rsi.ste<l  in  j?ivinn  all  patients 
a  course  of  injiH-tiou  after  complete  healing  hu.s  t)eeii  uccumplisheti, 
to  prevent  the  possibility  of  recurrence. 


bacterioix)(;y  of  tropical  inguinal 
(;ranuix)M\. 

Jamrh  C.  Small,  M.D. 

(From  the  Lal]orati>ry  of  Bacteriology,  Ptiiladclphia  General  Hospital.) 

Direct  Smears.  Direct  smears  from  the  le.sion.s,  prof)erIy  pre- 
pared and  stained,  constitute  a  very  reliable  metho<l  of  diagnosis. 
The  material  may  he  collected  on  sterile  cotton  applicators  for 
either  the  smears  or  the  cultures.  Thin  spreads  of  this  material 
an*  essential.  These  are  dried  (iiiickly  in  air  and  stainecl  either  hy 
Wright's  or  (iiem.sa's  stain.  Wright's  methoil  is  the  more  rapid 
and  has  given  satisfactory  results.  The  most  difficult  part  of  the 
procedure  is  to  ohtain  the  pro|)er  differentiation  of  the  stained 
smear  in  distilled  water.  Even  with  the  most  intense  Wright's' 
staining  this  differentiation  should  not  he  carried  on  for  more  than 
fifteen  to  twenty  seconds.  Application  of  the  water  for  too  long 
entirely  decolorizes  the  capsules  of  the  organisms;  for  too  short  a 
IK'riod  the  capsules  appear  hlue  and  the  morphology  of  the  ho<lies 
of  the  organisms  caiuiot  l>e  ohserved  clearly.  With  the  iH'st  stain- 
ing results  the  organisms  appear  as  small  rounded  pink  IxKlies  with 
a  dark  hlue  coccoid  hody  in  the  center,  or  more  fn'<|uenlly  as  oval 
pink  Ixxlies  with  a  hacillary  or  di|)l(K'c)<'coid  ho<iy  oc<'upying  the 
longitudinal  axis.  The  pink  outer  zone  is  a  wide  hacillary  capsule; 
the  dark  hlue  central  hodics  represent  meta<'liromatic  granules 
within  the  hacillarj'  bo<ly  pro|M-r.  The  true  outline  of  the  hacillary 
hody  can  he  seen  only  after  the  cajjsule  has  heen  entirely  decolorized 
hy  differentiating  with  distilled  water.  In  stained  smears  from  the 
lesions  some  areas  show  organisms  with  (•a])sules  stained  pale  hlue 
and  oh.scurely  differentiated  central  Ixniies;  other  areas  slu>w  well- 
define<l  dark  hlue  metachronuitic  granules  surrounded  hy  a  pink 
capsule,  which  later,  however,  oh.scures  the  outline  of  the  hacillus 
proiwr;  and  still  other  ar«'as  are  swn  in  which  the  capsules  have 
been  entirely  unstained  and  where  the  organisms  ap|)ear  as  short, 
thick  bacilli  with  rounded  blunt  ends  iM-cupied  by  the  dark  hlue 
metachromatic  gramd(*s.  The  organisms  thus  present  a  true  bi- 
polar-stained appcaraiu-e  with  the  intervening  Ixnly  shaft  of  (he 
hacillus  stain<'<l  a  ()ale  hlue.  .\lways  a  few  bacilli,  shorter  than 
those  ju.st  de.scribed,  stain  soliclly  a  deep  blue. 
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Tlio  orjiaiiisiiis  an-  loiiiid  williin  the  cytoplasm  of  large  niononu- 
elear  cells.  In  such  they  have  well-defined  caj)sules  or  may  appear 
as  nests  of  bacteria  occupying  a  rounded  area  within  the  cell  and 
revealing  no  capsules.  In  such  nests  the  bipolar  staining  may  be 
observed.  The  polymorphonuclear  leukocytes  do  not  contain  the 
encapsulated  forms.  Encapsulated  forms  may  api>ear  free  or  in 
relation  to  cellular  detritus.  In  the  latter  instances  they  occur 
chiefly  in  groups  and  in  the  neighborhood  of  large  numbers  of  mono- 
nuclears. These  presumably  represent  organisms  relea.sed  from 
the  disintegrated  cytoplasm  of  mononuclear  cells.  In  the  for- 
mer instances  they  may  occur  singly  and  in  no  relation  to  cellular 
detritus. 

Smears  from  the  lesions  are  remarkably  sparse  in  bacteria  as 
compared  with  smear  preparations  from  other  types  of  ulcerative 
lesions  about  the  genitalia.  Staphylococci,  streptococci,  diphther- 
oid bacilli  and  bacilli  having  the  morphology  and  staining  character 
of  the  colon  grou])  have  been  observed  w-idely  scattered  or  in  small 
clumps  within  the  polymorphonuclear  cells. 

Cultures.  The  granuloma  organisms  have  been  grown  in  cultures 
in  four  instances.  Of  the  various  media  and  methods  tried,  sur- 
face inoculation  of  Sabouraud's  maltose  agar  ('■2  per  cent  acid),  as 
recommended  by  Barao  and  Vianna,  proved  the  most  useful.  This 
degree  of  acidity  tends  to  inhibit  some  of  the  contaminating  bac- 
teria and  permits  i)rofuse  growth  of  the  granuloma  bacillus.  The 
growth  is  quite  characteristic  after  twenty-four  hours"  incubation. 
Colonies  appear  slightly  gray-white,  moist,  glistening,  dome-shaped 
on  round  regular  bases  from  1  to  3  mm.  in  diameter.  When  touched 
with  an  inoculating  wire  they  appear  quite  viscid,  and  have  the 
consistency  and  ap])earance  of  thin  starch  j)aste.  By  transmitted 
light  they  are  translucent  and  have  a  slightly  brownish  tinge.  They 
are  usually  the  largest  colony  appearing  in  these  mixed  cultures  of 
the  material  taken  directly  from  the  lesions  and  are  very  readily 
recognized. 

In  subcultures  growth  occurs  on  all  of  the  simpler  media. 
Enriched  media  is  not  necessary.  On  semisolid  media  the  char- 
acter of  the  growth  does  not  differ  essentially  from  that  described 
above.  In  fluid  media  there  is  diffuse  turbidity  with  a  surface  ring 
tending  to  adhere  to  the  sides  of  the  culture  tube  and  to  climb 
slightly  above  the  level  of  the  liquid.  Later  sedimentation  occurs. 
Growth  is  profu.se  even  in  1  per  cent  peptone  water.  In  litmus 
milk  there  is  acid  production  and  coagulation  within  twenty-four 
hours.  On  potato  growth  it  is  profuse,  moist  and  slightly  brownish 
in  color.     There  is  a  decided  blackening  of  the  potato. 

Smears  from  cultures,  when  stained  with  Wright's  stain,  show 
essentially  the  morphological  details  previously  described;  in  smears 
from  Sabouraud's  media  and  from  moist  glucose  or  plain  agar,  wide 
capsules  are  readily  demonstrated,   so  that    the  organi.sms  appear 
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as  do  the  oiicapsiilalotl  oiu-s  in  direct  smears  Jroiii  llie  lesions.  In 
sniojirs  from  lirotli  cullures  capsules  are  not  demonslraled,  so  thai 
llie  organisms  from  twenly-four-liour-old  cultures  ap|>ear  as  short, 
plump  l>acilli  exhihiling  irregidar  staining,  and  for  the  most  part 
siiovvinjf  a  dark  area  at  either  pole  with  jjale  blue  intervening.  In 
older  cultures,  especially  in  ine<iia  containing  a  carl)ohy<lrate  which 
has  In'en  fermented  with  decided  aci<l  production,  long  forms  ot'cur. 
These  forms  also  stain  irregularly,  i)resenting  dark  blue  handed 
areas,  alternating  with  pale  blue  area.s  throughout  the  length  of  the 
organism. 

Our  study  of  the  organism  may  be  tabulateti  briefly:  \on-motile, 
non-sporulating,  en<-apsulaled  bacillus;  (« ram-negative,  showing 
metachromatic  graindes  as  well  as  cai)sules  with  Romanowski  stain- 
ing; it  does  not  li((uefy  gelatin  or  coagulated  serum;  it  hemolizes 
blood  in  agar  plates;  it  docs  not  form  indol;  coagulates  and  acidifies 
milk  within  twenty-four  hours.  It  ferments  dextrose,  levulose,  lac- 
tose, galactose,  saccharose,  maltose,  arabinose,  mannitol,  .salicin, 
inuliii  and  dextrin.     It  dfws  not  ferment  dulcitol  and  rice  .starch. 

I'alhofirnicily.  Intraperitoneal  inwulation  kills  white  mice  and 
guinea-i)igs  in  twenty-four  to  forty-eight  hours.  The  organisms  are 
recovered  at  autop.sy  from  the  peritoneal  fluid,  the  blood  and  the 
various  internal  organs. 

Cutaneous  incMidation  of  white  mice,  guinea-pigs,  rabbits,  cats 
an<l  dogs  all  failed  to  protlucc  definite  lesions. 

Intra<lermal  iiKK'uIation  of  dogs  was  also  negative. 

Subcutaneous  inoculation  of  white  mice  and  guinea-pigs  produce<I 
an  inflammatory  reaction,  going  on  to  abscess  formation  in  some 
instances  but  always  with  si)ontaneous  and  rapid  healing.  In  dogs 
and  cats  no  abscess  formation  occurred,  only  a  slight  inflammatory 
reaction  l>eing  noted. 

In  rabbits  it  pHnluceil  large  snlx-utaneous  infiltrations  with 
abscess  formation  and  spontant'ous  ruptun-  producing  ulcers,  some 
of  which  have  failed  to  heal  after  an  observation  period  of  six  weeks. 


(  .VUKIKRS  OF  HKMOLVTIC  STREITOCOCCI. 

.1  \MKS    (  '.     Sm  Ml,,     M.I). 

On  the  basis  of  findings  in  throat  cultures,  the  incidence  of  hemo- 
lytic strepttwocci  was  studied  in  normal  individuals  and  in  patients 
with  measles. 

I.  The  normal  indivitluals  are  da.ssiticd  into  llirce  groups: 

1.  Those  resident  in  the  hospital,  including  do<,-tors,  nurses  and 
wanl  (MTsonnel. 

4.  Those  resident  in  military  camps. 

3.  Tliose  n'sident  in  outlying  country  di.stricls. 
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(a)  Among  attendants  in  hospital  wards  the  incidence  of  II.  S. 
was  highest  during  the  period  when  H.  S.  infections  were  most 
prevalent  among  patients  in  the  wards.  No  symptoms  were  caused 
by  the  appearance  of  H.  S.  in  the  throats  of  normals. 

(b)  Among  men  on  duty  in  camps  a  21.9  per  cent  incidence  in  274 
men  studied  at  Camp  Funston  and  a  7.4  per  cent  incidence  in  337 
men  studied  at  Camp  Pike. 

(c)  Among  men  from  outlying  country  districts  the  incidence  of 
H.  S.  in  throats  was  low;  64  men  were  studied  without  a  single 
positive  throat  culture  for  H.  S.  When  sputum  was  inoculated 
into  mice  from  50  of  these  men,  3  of  them  showed  a  few  colonies 
of  H.  S.  on  cultures  from  peritoneal  exudate  from  mice. 

II.  The  patients  under  treatment  in   measles  wards  showed: 

1.  An  incidence  of  H.  S.  on  admission  lower  than  that  found  in 
normal  men  in  companies  from  which  the  measles  cases  came. 

2.  An  increasing  incidence  of  H.  S.  with  duration  of  stay  in  the 
hospital. 

3.  An  increasing  incidence  of  H.  S.  with  duration  of  the  camp 
epidemic  of  measles. 

Cultures  were  made  from  the  throats  of  these  patients  on  admis- 
sion to  the  hospital,  and  patients  showing  positive  for  H.  S.  were 
treated  in  wards  separate  from  those  not  showing  these  organisms 
in  throat  cultures.  All  patients  were  followed  up  at  weekly  inter- 
vals during  the  period  of  hospitalization.  Streptococcus  positive 
cases  were  removed  to  separate  wards  on  identification  in  these 
weekly  surveys. 

Among  787  patients  with  measles,  37  were  found  to  have  throat 
cultures  positive  for  H.  S.  on  admission  and  205  additional  cases 
acquired  H.  S.  while  under  hospital  treatment. 

III.  Three  classes  of  H.  S.  carrier  are  defined: 

1.  The  chronic  carrier,  rei)resented  by  individuals  harboring 
small  numbers  of  II.  S.,  usually  in  ragged  hypertrophied  tonsils, 
over  long  periods  of  time. 

2.  The  acute  carrier,  represented  by  those  individuals  who  have 
active  symptoms  following  the  appearance  of  II.  S.  in  their  throats. 
The  evidence  presented  shows  that  the  H.  S.  tend  to  disai)pear 
from  the  throats  of  these  patients  with  the  passing  of  the  acute 
clinical  conditions.  The  indications  are  that  the  H.  S.  carried  by 
such  individuals  have  a  higher  virulence  than  those  carried  by  the 
chronic  carriers. 

3.  The  contact  carrier,  represented  by  individuals  who  acquire 
H.  S.  under  conditions  where  H.  S.  is  passing  freely  from  person 
to  person  but  who  do  not  present  any  clinical  signs  indicating  the 
presence  of  these  organisms.  These  contact  carrier  states  are  of 
short  duration,  in  many  cases  less  than  two  weeks. 

IV.  Relation  of  diflferent  types  of  carrier  to  the  serious  strepto- 
coccic complications  of  respiratory  diseases. 
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1.  'I'lio  clironic  carrier  maintains  tlic  nianifcstalion.s  of  II.  S. 
Tlu-  rlir<>ni<'  cndiMnic  carrier  ser\<'>i  iis  m  iiriiiinrv  force  for  develop- 
niont  of  contact  carriers. 

i.  The  conlact  <'arrier  serses  to  pass  the  Jl.  S.  to  otliers,  so  that 
larp-  ninnlK-rs  of  these  carriers  (leveh)p  umler  conditions  where 
individnals  are  ert)\v(U'd  tojjether.  Tlie  passing  of  a  strain  of  H.  S. 
tlirou);li  a  series  of  contact  carriers,  wliile  cansin^  no  symptoms  in 
these  individuals,  presumably  tends  to  raise  the  virulence  of  the 
strain  i)assed  to  a  |)oinl  where  it  l)epns  to  prcMluee  symptoms  in 
those  acquiring  it,  when  acute  carriers  develop. 

3.  The  development  of  acute  carriers  calls  attention  to  the  epi- 
demic prevalence  of  H.  S.  at  a  time  wlicii  it  is  too  late  to  institute 
effective  jjropliylactic  measures. 

The  evidence  at  hand  indicates  that  serious  strept(>c<M-cic  compli- 
cations in  respiratory  diseases  follow  closely  the  ap|M'arari<'e  of  II.  S. 
in  the  throat,  i.  e.,  in  most  cases  within  one  week. 


BRONCHIECTASIS. 
Hugh  M.  Millek,  M.l). 

(From  the  Lalwratories  u(  the  Pliiladrlphia  (lenrral  Htispital.) 

A  man,  aged  forty-three  years,  was  admitted  to  the  medical  wards 
of  the  Philadelphia  (leneral  IIosi)ilal  InM-ause  of  lo.ss  of  strength  and 
of  30  pounds  of  weight  in  the  past  year,  (iastrie  symptoms  predom- 
inated, any  lung  syni|)loms  InMiig  completely  overshadowed.  It  was 
noted  that  the  patient  was  incontinent  of  urine  and  had  difficulty 
in  .starting  a  .stream,  with  suprapubic  pain. 

On  examination,  his  apju-arance  was  anemic  and  emaciated. 
Scaphoiil  abdomen,  with  enlarged  veins  over  the  lower  abdomen 
and  large  inguinal  glands.  There  wa.s  an  inorea.sed  resistance  and 
tenderness  in  the  epigastrium. 

Rectal  examination  negative.  Ijiboratory  examination "-Bloo<l 
count:  Hemoglobin,  ~5  j)er  cent;  red  blood  cells,  4,(ir>(>,fM)0;  white 
blood  cells,  1:5, 7(K);  ]>olymorphonuclear  leukocytes,  (50  |H>r  cent; 
lymphocytes,  38  jht  cent;  transitionals,  i  per  cent.  I'rine:  Sp. 
gr.,  1010;  trace  of  albumin;  occasional  granular  cast. 

Hloo<i  \Va.s,sermann,  negative. 

Ciastric  analysis:  Free  hydrochloric  acid,  0;  total  acidity,  10;  no 
lactic  aci<l  or  occult  blood. 

After  five  months  in  the  ho.spital  he  die<l,  with  a  clinical  diagnosis 
of  carcinoma  of  the  stomach. 

At  autop.sy  there  was  found  to  be  chronic  ulcerative  tuberculosis 
of  the  middle  lobe  of  the  right  lung  with  several  cavitations,  repre- 
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sfiiliiig  ii  (lilaU-d  aiul  iiloeralcMl  hroiicluis.  At  the  apex  of  the  right 
ui)i)er  lobe  is  a  cheesy  nodule,  ;J  inni.  in  diameter,  over  which  the 
pleura  is  slightly  thickened  and  retracted. 

The  kidneys  show  cortical  and  medullary  tuberculosis,  and  the 
stomach  chronic  catarrh. 

The  toxemia  was  due  to  the  tuberculous  nephritis  and  ulcerative 
tuberculous  bronchiectasis.  The  gastric  symptoms  resulted  in  the 
lung  and  kidney  symptoms  being  overlooked. 


LUNG  ABSCESS  SECONDARY  TO  SUBDIAPHRAGMATIC 

ABSCESS. 

Hugh  M.  Miller,  M.D. 
(From  the  Laboratories  of  the  Philadelphia  General  Hospital.) 

Abscess  of  the  lung  resulting  from  direct  extension  of  an  abscess 
in  the  peritoneal  cavity  is  not  common.  This  was  a  case  of  perfora- 
tion of  the  diaphragm  with  subdiaphragmatic  abscess,  associated 
with  ulceration  of  a  primary  carcinoma  of  the  splenic  flexure  of  the 
colon. 

The  history  states  that  a  white  man,  aged  seventy-five  years, 
has  had  severe  pain  in  the  left  side  for  three  months,  during  which 
time  he  had  lost  75  pounds  in  weight.  Constant  cough  and  hic- 
coughs were  noted.  He  died  in  the  men's  tuberculosis  ward  of  the 
Philadelphia  General  Hospital,  with  the  clinical  diagnosis  of  pul- 
monary tuberculosis. 

At  autopsy  the  left  lower  lobe  of  the  lung  is  consolidated  about 
an  irregular  necrotic  abscess  in  the  lower  portion  and  no  tuberculosis 
is  found. 


MEGACOLON. 
Hugh  M.  Miller,  M.D. 

(From  the  Labora^tories  of  the  Philadelphia  General  Hospital.) 

A  middle-aged  negro  male,  presenting  definite  evidence  of  a  toxic 
confusional  psychosis,  with  alcoholism  as  a  basic  factor,  depressed, 
hallucinated,  delusional.  There  is  no  history  of  intestinal  disturb- 
ance as  far  as  diarrhea  or  constipation  is  concerned;  distention  of 
abdomen  first  noted  six  years  after  admission,  but  noted  several 
times  later,  usually  in  conjunction  with  sw-elling  of  the  lower  extremi- 
ties. Death  occurred  suddenly.  Diagnosis:  Intestinal  obstruction, 
toxic  psychosis,  alcoholic. 
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Autopsy  (kindncHs  of  Dr.  Wadsworth).  On  opening  the  abdomen 
a  liujtely  distended  colon  bnlfje*!  throuuli  the  incision;  tliis  mass  was 
found  to  In*  c-liieHy  desc-endinj;  colon  and  sigmoid.  However,  tlie 
colon  was  somewhat  enlarged  as  far  as  the  ileoce<-al  valve.  Ten  cm. 
from  the  anus  the  rectal  j)lications  are  1  cm.  in  thicknes.s,  den.se  and 
firm.  Sero.sa  is  smooth  and  glistening,  sigmoidal  portion  of  the 
mncosa  is  smooth  and  somewhat  edematous,  and  the  whole  wall 
of  the  gut  thickened.  Circumference,  .SO  cm.  The  sigmoid  forms 
a  saccular  dilatation  30  cm.  along  the  le.s.ser  curvature  or  me.sen- 
teric  attachment  and  00  cm.  along  the  greater  curvature.  The 
de.scentling  colon  measures  (20  cm.  in  circumference.  No  obstruc- 
tion was  found  in  eitiier  tiie  colon.  re<'tum  or  s])hincter.  The  peri- 
cardium showed  extensive  black,  dotted  i)igmentation;  though  not 
cicatricial  in  appearance,  these  dots  look  as  if  they  had  been  rem- 
nants of  previous  acute  pericarditis.  The  lungs  were  pushed  well 
u|),  the  left  (H-(Mipying  only  about  one-third  of  its  usual  .space  and 
adherent  by  bands,  which  may  have  existed  for  years.  The  left 
lung  is  collapsed. 


INCIDENTAL  CARCINOMA  OF  THE  THYROID  WITH 
METASTASIS  TO  THE  KIDNEY. 

Edward  T.  Chossan,  M.D. 

(Krom  iho  Laboratory  of  Postmortem  Pathology,  Philadelphia  Gem'ral  Hospital.) 

The  specimen  in  this  case  is  a  slide  showing  adenocarcinoma  of 
the  thyroid  which  was  obtained  from  autopsy  .5fi.S7,  i)erformed  at 
the  I'hiladclphia  (Jeneral  Hospital  on  December  'il,  WHi). 

The  subject,  F.  G.,  was  admitted  to  the  hospital  on  Octol)er  17, 
lO'iO,  and  died  on  October  40.  The  clinical  diagnosis  was  bron- 
chopneumonia and  eardiorenal  degeneration.  The  .symptoms,  the 
physical  examination  and  the  laboratory  findings  pointed  to  the 
latter  diagnosis.  There  were  no  notes  about  the  thyroid.  .\.\.  the 
autop.sy  the  clinical  diagnosis  wa.s  confirmed. 

In  making  the  external  examination  at  tlic  aulopsy  table  Dr. 
Crawford  noted  an  enlargement  of  the  thyroid.  On  exposing  the 
mass  it  was  found  to  be  the  tliyroi<l  gland  which  was  enlarged 
throughout  and  of  irregular  shape.  The  left  lol)e  cut  with  increased 
resistance  and  the  cut  surface  showed  calcified  deposits,  cystic  areas 
and  a  loss  of  connwtive  tissue.  The  micro.scopic  i)icture  (Drs.  A. 
J.  Smith  and  \V.  V.  Helk)  was  that  of  a  cystic  and  fibrous  goiter, 
with  some  areas  of  calcification  from  which  there  had  sprung  an 
adcuo<-arcinoina. 

Added  interest  i.s  given  to  the  ease  from  the  fact  that  there  was 
metastasis  to  l)oth  ki<lneys  and  also  a  pseudomyxoma  peritonei  in 
the  api>endicular  region. 
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UNUSUAL  HYPERTROPHY  OF  A  CHILD'S  HEART. 
Edward  T.  Crossan,  M.D. 

The  chief  point  of  interest  in  this  specimen  is  the  intense  hyjjer- 
trophy  of  the  heart.  The  organ  (from  autopsy  57:27,  Philadelphia 
General  Hospital)  is  that  of  a  colored  boy,  aged  fourteen  years. 
It  weighs  820  gm.,  which  is  three  and  one-half  to  four  times  the 
normal  weight  of  the  heart  at  this  age.  This  specimen,  therefore, 
compares  very  favorably  with  the  classical  case  reported  by  Stokes. 
The  walls  of  all  of  the  cavities  of  the  heart  are  hypertrophied,  but 
the  hypertrophy  is  most  marked  in  the  left  ventricle.  Dr.  Crawford, 
who  performed  the  autopsy,  noted  that  all  of  the  papillary  muscles 
were  markedly  hypertrophied.  In  this  heart  there  are  also  present 
a  chronic  ulcerative  and  an  acute  ulcerative  endocarditis  of  the 
mitral  and  the  aortic  leaflets,  a  chronic  ulcerative  mural  endocarditis 
of  the  left  ventricle,  a  chronic  interstitial  myocarditis  and  arterio- 
sclerosis. 

One  factor,  which  played  a  large  part  in  producing  this  unusual 
hypertrophy,  was  the  chronic  adhesive  and  obliterative  pericarditis 
present.  At  the  autopsy  it  was  found  that  the  two  layers  of  the 
pericardium  were  continuous  throughout.  Other  a.ssociated  lesions 
were  bronchopneumonia,  acute  fibrinous  pleuritis  and  acute  splenitis. 

A  review  of  the  clinical  history  shows  that  the  boy  was  admitted 
to  the  service  of  Dr.  Riesman  at  the  Philadelphia  General  Hospital 
on  July  3,  1920,  with  a  diagnosis  of  subacute  endocarditis.  There 
was  a  family  history  of  heart  trouble  for  three  generations.  Three 
days  before  admission  the  boy  was  seized  with  shortness  of  breath, 
which  was  preceded  by  an  attack  of  rheumatism  lasting  three  or 
four  weeks.  On  physical  examination,  there  were  found  hyper- 
trophied tonsils  with  pus  in  the  crypts,  an  overacting  heart,  a  loud 
mitral  systolic  murmur  and  a  heart  enlarged  2.5  cm.  to  the  right 
of  the  sternum. 

Six  days  after  admission  loud  systolic  and  diastolic  aortic  mur- 
murs were  heard;  from  this  date  until  August  4  the  progress  was 
uneventful.  On  the  latter  date  the  patient  developed  tonsillitis, 
and  on  October  2  a  tonsillectomy  was  done.  The  patient's  condi- 
tion grew  gradually  worse,  and  on  December  18  a  positive  blood 
culture  was  obtained,  showing  Streptococcus  viridans,  and  death 
intervened  eiglit  days  later.  During  the  illness  the  temperature 
ranged  from  normal  to  103°.  Blood  examination  showed  red  blood 
cells,  3,140,000;  white  blood  cells,  25,000;  hemoglobin,  50. 
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RETICULOSIS. 
.    Edward  B.  Kkumbhaak,  M.I). 

(Frum  the  Lalwrutory  uf  Clinical  Patholotcy,  i'liiladt-lphia  (it-nt-ral  Hospital.) 

1.  Erythrwytes  revealing  a  more  or  loss  exten.sive  reticiiliiin 
(graiuilofilainentous  sui)stance)  by  the  inethmls  of  vital  staining 
may  l)e  conveniently  designated  "reticulocytes." 

£.  The  reticulinn  is  of  j)rotoplasniic  origin  and  indicates  an  inter- 
mediate stage  between  the  erythrobhust  and  the  adult  erythrocyte. 
.\  simi>le  method  for  the  recognition  and  estimation  of  the.se  cells 
is  descriln^d. 

;J.  The  great  delicacy  of  the  tests  for  these  cells  and  the  greater 
constancy  and  delicacy  of  their  variations  in  the  |)cri|)heral  blood 
make  them  a  more  valuable  criterion  of  the  functioiuil  activity  of 
the  bone-marrow  than  the  study  of  polychromatophilia  or  nucleated 
forms. 

i.  In  the  blood  of  dogs  made  plethoric  by  repeated  transfusions 
of  blood,  the  reticulocytes  diminished  or  disapi)eared  entirely  dur- 
ing the  plethoric  stage.  With  the  (K-currence  of  a  hemolytic  anemia 
a  reticulosis  occurred  which  in  one  in.stance  reached  81  |)er  cent. 

.).  The  average  |MTcentage  of  reticulocytes  in  normal  adult  man 
1  liave  found  to  be  ().;$  jn'r  cent,  with  a  range  from  0.1  to  1  per  cent. 

6.  A  graph  of  the  relicu!(M-yte  count  in  infants  is  given  showing 
that  it  rapidly  falls  in  the  first  twenty-four  hours  from  5  to  1.8 
|)er  cent  and  has  reached  an  approxinuitely  normal  level  (less  than 
1  i)er  cent)  by  the  end  of  the  first  week. 

7.  The  range  in  laboratory  animals  was  found  to  be  more  varial)le: 
Monkey,  0  to  1.8  i)er  cent;  eat,  0  to  1.4  per  cent;  dog,  0.1  to  1.4 
per  cent;  rabbit,  0.6  to  1.8  |)er  cent;  mouse,  1  to  (5  jier  cent. 

A  COMrARATIVE  STUDY  OF  ENCAI»SULATED  BACILLI 

ISOLATED  FRO.M  CASES  OF  GRANULOMA 

INGUINALE. 

Louis  A.   JULIANELLE   AND   Ja.MES  C.   ShALX.,    M.D. 

(From  the  Laboratory  of  Itai-leriology,  I'liiladolpliia  General  Hoitiutal.) 

The  purpose  of  this  investigation  was  to  determine  whether  or 
not  the  encapsulated  bacilli  i.solatcd  from  the  lesions  of  granuloma 
inguinale  bear  any  relation  to  the  Hacillus  mucosus  capsulalus 
group  of  bacteria.  .\  <(>niparative  study  was  made  of  three  strains 
of  encapsulated  bacilli  fn>m  ca,s«'s  of  granuloma  inguinale;  eight 
strains  of  Frie<llander  bacilhis  of  respiratory  tract  origin;  two 
stock  strains  of  Ba<illus  ai'rogenes;  and  one  stock  strain  of  bacillus 
of  rhino.sclcroina. 
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Tlu-  study  developed  along  three  lines:  (o)  Morphologieal,  (6) 
eultural  and  (c)  serological.  The  serological  work  is  in  progress, 
and  no  report  will  be  made  of  it  at  this  time.  Ai)  analysis  of  the 
data  from  the  mor])hological  and  cultural  studies  will  ho  presented. 

The  encapsulated  bacilli  of  granuloma  origin  in  common  with  the 
Bacillus  niucosus  capsulatus  group  show  the  following  characters: 
They  are  non-motile,  encapsulated,  non-sporulent,  aerobic  bacilli. 
They  stain  readily  by  the  aniline  dyes  and  do  not  retain  the  gentian 
violet  by  Gram's  method.  They  do  not  produce  indol  in  peptone 
water  and  do  not  liquefy  gelatin.  They  show  a  wide  range  of  car- 
bohydrates which  they  are  able  to  ferment,  usually  with  gas  pro- 
duction, but  are  unable  to  attack  dulcitol. 

By  using  fifteen  carbohydrates  it  was  found  that  differential 
characters  could  be  shown  best  with  dextrose,  lactose,  sucrose, 
starch  and  dulcitol.  The  bacillus  of  rhinoscleroma  differed  from 
the  others  in  its  inability  to  produce  gas  in  dextrose  broth.  The 
Bacillus  aerogenes  is  differentiated  by  its  fermenting  dulcitol  with 
gas  production.  The  eight  strains  of  J'riedlander's  bacillus  and  the 
three  strains  of  encapsulated  bacilli  of  granuloma  origin  are  all 
capable  of  producing  acid  and  gas  in  dextrose,  but  are  incapable  of 
fermenting  dulcitol.  These  may  be  subdivided  among  themselves 
according  to  the  fermentation  reactions  shown  with  lactose,  sucrose 
and  starch: 

1.  Those  fermenting  lactose,  sucrose  and  starch. 

2.  Those  fermenting  lactose,  but  not  sucrose  and  starch. 
S.  Those  fermenting  neither  lactose,  sucrose  nor  starch. 

AVithin  the  first  group  fall  two  of  the  granuloma  strains  and  four 
of  the  respiratory  strains;  in  the  second  group  one  granuloma  strain 
and  three  of  the  respiratory  strains;  while  only  one  of  the  respiratory 
strains  falls  into  the  third  group. 

No  differentiation  could  be  established  by  a  study  of  the  abilities 
of  these  organisms  to  utilize  protein.  They  are  all  weakly  proteo- 
lytic but  incapable  of  attacking  gelatin.  In  broth  they  do  not 
produce  indol  nor  creatinin.  They  all  fonn  ammonia  and  reduce 
nitrates  to  nitrites. 

In  so  far  as  the  present  studies  furnish  data  for  analysis,  the 
encapsulated  bacilli  isolated  from  the  lesions  of  patients  suffering 
from  granuloma  inguinale  belong  to  the  Bacillus  niucosus  capsulatus 
group. 


CHEMISTRY  OF  THE  BLOOD  IN  DISEASE. 
William  G.  Karr,  M.D. 

(From  the  Biochemical  Laboratory,  Philadelphia  General  Hospital.) 
A  general  discussion  of  present  status  of  this  subject. 
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C.VRCINUMA  OF    IIIK  SI()\1A(  II   \VHII   MK  IAS  lASKS 
ro  BOTH  ADIIKNALS. 

|j>\\  AHI)    WkISS.    M.I). 

C.  K.,  a  wliit*'  iiialr  adult,  a^ctl  filly  years,  wa.s  a(iiiiitt<Ml  fo  the 
I'hila<ifl|>liia  (H-iierai  Hospital,  Aupist  'i\.  1J)^0,  compiainiiin  of 
j>ain  ill  tlif  ahdomen.  His  family  history  and  past  niodical  history 
are  iiniin|)«)rtant.  The  pain  i)ef;aii  four  weeks  Ix'fore  adini.ssion, 
bears  no  relation  to  the  taking  of  fo<Hi  and  is  not  asswiated  with 
vomiting;.  Patient  states  that  his  ap|K'tite  is  fair,  his  strength  poor 
and  that   he  has  lost   iO  poun<ls  in  weight   in  the  past   two  w<H>ks. 

I'hysieal  examination  showed  an  emaeiated  individual  with  a 
seaphoid  alxlomen.  There  was  slight  rigidity  in  the  lower  right 
quadrant  of  the  ahdomen,  with  |)ain  on  dwp  palpation.  HKmmI 
count  showed  a  secondary  anemia;  the  hUuMl-pressur*' on  a<lmission 
was  80  syslolie  and  40  diastolie;  fluoroscopic  examination  of  the 
ahdomen  demonstrated  a  carcinoma  of  the  pyloric  end  of  the  stomach. 

Necropsy  showed  a  large  cauliflower  growth  of  the  pyloric  end 
of  the  stomach,  and  other  than  invasion  of  the  perigastric  lymph 
no<les  then'  wen'  no  metastases  except  to  the  adrenal  glands,  hoth 
being  involved  to  about  the  same  degree.  The  histological  diag- 
nosis is  medullary  can-inoma  of  the  stomach  with  metastases  to 
both  adrenals. 

The  striking  clinical  feature  was  the  marked  asthenia  with  low 
blood-pressun'  and  slow  pulse;  the  unusual  pathological  feature  was 
the  curimi>;  mclasl.-isis. 


PRIMARY  BRONCHIAL  CARCINOMA. 
William  P.   Bii.k.  M.D. 

This  growth  wcurred  in  a  white  male  subject,  aged  fifty-six 
years,  at  tiie  Phihulelphia  (ieneral  Hospital  (autop.sy  No.  0050  by 
Dr.  Lucke).  .V  diagnosis  of  -san'oina  of  the  mediastinum  was  made 
clinically  from  the  roentgen-ray  report,  signs  of  consolidation  in  the 
left  upjHT  lung,  loss  of  voice,  cough  and  n-pealed  negative  examina- 
tion of  th<'  sputum  for  tuln'rcle  bacilli.  There  was  also  pain  in 
the  left  chest  and  arm,  and  the  left  pupil  was  dilated.  There  was  no 
anemia.     Death  from  inanition. 

At  autopsy,  the  left  lung  was  firmly  adherent  to  the  chest  wall 
at  all  points.  Then*  was  no  pleural  fluid.  .\  fungoid  nni.ss  pro- 
jecting laterally  had  er(Mle<l  the  fourth  and  fifth  ribs.  The  weight 
of  the  organ  was  l(i4j  gni.  It  was  entirely  consolidated,  except 
the  lower  border  posteriorly.     The  cut  section  showed  a  pale-gray. 
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coarsely  nodular  liiinor  in  wliicli  were  areas  of  lieniorrhaKe  and 
necrosis.  Hroncliioles  were  not  visible.  There  were  similar  masses, 
smaller  and  ai)i)arentl.v  metastatic,  in  the  mediastinal  lymph  nodes 
and  in  the  right  lung. 

Histological  sections  showed  large  masses  of  ej)ithelial  cells  sup- 
ported on  a  delicate  fibrous  stroma.  These  cells  were  large,  round, 
oval  or  polyhedral,  had  a  definite  cytoplasm  and  large,  dark-stain- 
ing centrally  placed  nuclei.  Variations  in  size,  shape  and  staining 
were  marked.  Mitotic  figures  were  few.  Necrosis  and  hemorrhage 
were  marked.  Other  are.as  showed  imperfectly  formed  glandular 
tubules,  the  cells  of  which  were  columnar  or  cubic,  with  nuclei  at 
the  bases.  Some  of  these  suggested  goblet  cells.  There  was,  how- 
ever, no  noticeable  formation  of  mucus.  Bronchioles  were  not 
noted. 

The  origin  of  this  tumor  was  either  in  the  bronchial  mucosa  or 
the  bronchial  mucous  glands,  as  the  cells  nowhere  resembled  the 
alveolar  epithelium.  The  advanced  state  of  the  growth  with  marked 
tissue  destruction  made  it  impossible  to  decide  between  these  two 
sites  of  origin. 


HISTOPATHOLOGY  OF  TROPICAL  INGUINAL 
GRANULOMA. 

William  P.  Belk,  M.D. 

(From  the  Laboratory  of  Postmortem  Pathology,  Philadelphia  General  Hospital.) 

The  microscopic  picture  presents  a  very  cellular  area  supported 
by  a  relatively  small  amount  of  young  connective  tissue.  The  cells 
are  chiefly  endothelial  leukocytes  with  a  varying  number  of  poly- 
morphonuclear leukocytes,  the  proportion  depending  upon  the  chro- 
nicity  of  the  process;  the  more  chronic  the  process  the  larger  the 
proportion  of  endothelial  cells.  Small  lymphocytes  are  also  very 
numerous,  and  occasionally  an  eosinophil  is  seen.  Formation  of 
bloodvessels  is  seen  as  in  any  granulating  tissue.  There  is  a  rather 
marked  proliferation  of  the  squamous  epithelium  of  the  skin,  extend- 
ing for  some  extent  into  the  underlying  tissues.  In  1  case  this 
was  quite  suggestive  of  squamous-cell  carcinoma.  The  whole 
process  is  surrounded  by  dense  hyaline  connective  tissue.  The 
organism  described  by  Small  has  not  been  stained  successfully  in 
tissue  in  this  laboratory,  the  chief  difficulty  being  to  show  the 
capsule.  The  bipolar  bacillus,  however,  has  been  stained,  and  this 
apparently  is  found  only  in  the  endothelial  cells. 


I'ATIUlUKJICAIi  8t)CIETV   PKKSKNTATIONS 

TriJKJU  ri.OI  S  I'KUK  AUDIIIS. 
Baxtkk  L.  Cuawkoui),  M.I). 

J.  I).,  colored,  male,  aged  forly-tliree  years,  was  admitted  to  the 
Pliilji(Ioli)liia  (loneral  Hospital.  OctoJuT  'io,  1J)'20,  suiTerin^  with 
cardiac  syiiiptoms.  and  dietl  Iwciity-four  lioiirs  later. 

Cliiiicul  Diagnoitis.  Myocaniitis  with  failing  comj)en.sation  — 
acroinej^aly. 

At  Aiitopay.  'i"he  i)ericardiiiiii  was  found  to  l)e  markedly  thick- 
ene<l,  and  adherent  l)y  fairly  detise  adhesions  entirely  obliterating 
the  cavity.  On  separating;  the  two  layers,  numerous  small  pin- 
head-sized,  slightly  raised,  whitish  fo<'i  could  lie  seen  on  the  surfaces 
of  hoth  layers  of  the  pericardium. 

The  [jerihronchial  and  mediastinal  lymjih  nodes  were  enlarged. 
Some  the  size  of  an  Kn^lish  walnut,  firm  in  consisteiK-y,  on  section 
show  fibrosis  and  numerous  small  yellowish  fo<M  throughout  the 
substance.  A  few  of  the  mesenteric  and  post  peritoneal  lymph 
nodes  were  also  enlarged  and  showed  fibrosis  and  tin*  presence  of 
yellowish  foci  in  the  substance. 

One  interesting  feature  concerning  the  case  was  the  distribution 
of  the  tulK'rculous  pnM'css,  namely,  advan<-ed  tuberculous  lymph- 
adenitis and  tuln-rculous  pericarditis  with  practically  no  evidence 
of  the  infection  in  other  organs.  There  were  a  few  fibrosed  and 
calcified  lesions  in  both  lungs. 

liticierioliujji.  One  of  the  foci  from  the  surface  of  the  j)ericardium 
was  crushed  and  in  the  smears  a  few  acid-fast  bacilli  were  found. 

Ilixtological  Report.  Sections  show  the  jiericardium  to  he  thick- 
ened with  an  organizing  fibrinous  exudate  with  many  snudi  focal 
areas  of  necrosis  surrounded  by  monoiuiclear  leuk(K'ytic  infiltra- 
tion in  which  are  many  giant  cells.  The  myocardium  shows  no 
evidence  of  the  inflannnatory  infiltration. 

Diagtinnin.  Chronic  tul)erculous  i)ericarditis;  chronic  fibrous 
tuberculous  lymphadenitis. 

Postmortem  was  performed  at  the  pathological  department  of  the 
Philadelphia  (Jeneral  Hospital.  I  am  indebted  to  Dr.  Knimbhaar 
for  the  pri\il<-gc  of  snbniilling  this  report. 


ACROMEGALY  WITH  PITUITARY  Tl^MOU     A(  IDO- 
PHILIC  ADENOMA  OF  ANTERIOR  U)»E. 

Edward  B.  Krumbhaar,  M.I). 

This  brain  is  from  a  negro  wlu)  was  admitted  to  the  Philadelphia 
General  Hospital,  Octol>er  25,  lO'^O,  with  the  diagnosis  of  acromegaly 
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and  ciirdiac  (letoiiipensation.  'I'lie  iifToincfjaly  was  so  ol)vious  that 
the  diagnosis  was  made  l)y  an  onlooi<er  as  the  jjatient  arrived  in 
a  taxicab.  Death  occurred  the  next  day  from  puhnonary  edema, 
and  on  autopsy,  this  wahmt-sized  tumor  of  the  hypophysis  was 
found  compressing  the  optic  chiasm,  and  widening  the  sella  turcica. 
The  histological  examination  showed  it  to  l)e  comi)rised  almost 
entirely  of  acidophilic  cells  resemliling  those  normally  found  in  the 
anterior  lobe.  The  tumor  was  encajjsulatcd  and  had  the  structure 
of  an  adenoma.  The  remains  of  the  normal  anterior  lobe,  infundi- 
bulum  and  i)osterior  lobe  were  found  flattened  on  its  posterior 
surface. 

The  chief  interest  in  this  case  to  me  was  the  comparison  with 
an  apparently  similar  [)ituitary  adenoma  of  a  case  without  acro- 
megaly that  I  autopsied  some  twelve  years  ago  at  the  Pennsylvania 
Hospital.  Microscopically,  however,  this  former  adenoma  was  com- 
posed entirely  of  chromophobe  cells.  These  2  ca.ses,  therefore,  support 
the  theory  that  the  actively  functioning  acidophilic  cells  (either 
hyperplastic  in  the  anterior  lobe,  or  in  an  adenoma)  are  necessary 
factors  in  the  causation  of  acromegaly  (or  giantism,  if  occurring  in 
youth).  It  is,  of  course,  recognized  that  cases  of  acromegaly  have 
been  found  without  an  increase  of  acidophilic  jiituitary  cells.  This 
does  not  necessarily  negative  the  above  theory,  however,  if  one 
may  presume  that  in  such  cases,  acidophilic  cells  were. present  dur- 
ing the  formative  period  of  the  acromegaly,  but  later  vanished  with 
the  secondary  changes  that  have  been  shown  by  Gushing  and  others 
frequently  to  occur  in  pituitary  disease.  (The  two  brains,  micro- 
scopic slides  and  photographs  accompanied  the  above  demonstration.) 
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